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INTRODUCTION 
Many traits of agronomie importance are quantitatively 
inherited. Fehr (1987) defines a quantitative character as 
a character for which phenotypic variation among genotypes 
is continuous and cannot be separated into discrete classes. 
The heritable portion of quantitative differences relys on 
genes with small effects with respect to total variation. 
The number of genes responsible for a trait and the role of 
the environment in the expression of a trait an indication 
of the inheritance of a trait. In general, the magnitude of 
quantitative inheritance depends on the magnitude of effects 
of individual genes and the importance of heredity and 
environment in the expression of the phenotype. 
Regardless of the number of loci involved, as the role 
of the environment in causing variation increases, that is, 
as the heritability decreases, it becomes more difficult to 
distinguish among genotypes. The situation becomes more 
complex as the number of loci increases. 
Falconer (1981) suggests heritability of a quantitative 
trait is one of its important character. Not only does 
heritability indicate the degree of resemblance between 
relatives, estimates of heritability provide predictive 
strength with respect to use of phenotypic value, which is 
directly measured, as a measure of breeding value. For this 
2 
reason, heritability enters in decision making in a breeding 
program - from choice of breeding method to predicting gain 
from selection. The use of marker-assisted selection (MAS) 
has recently been proposed in the literature (Lande and 
Thompson, 1990). Use of MAS would require an estimate of 
heritability on a single-plant basis. 
Generation variances of related populations are useful 
in estimating the heritability of a trait and the minimum 
number of genes affecting a trait in a cross. The various 
methods of estimating heritabilities and number of genes 
differ with respect to determination of environmental 
variance, and, in the cases of heritability, broad­
er narrow-sense estimates. 
Generation variances for five generations, parental, 
Fl, F2, backcross to parent one (BC-1), and backcross to 
parent two (BC-2) of 30 crosses of maize (Zea mays) were 
used to calculate estimates of heritability and minimum 
number of genes affecting eight traits of maize. The 
crosses consisted of two six-parent diallels representing 
lines from pre-1960 ("older") and post 1970 ("newer") eras 
of maize research. 
The objectives of this research were as follows: 
1. To compare heritability estimates obtained by different 
. methods. 
2. To compare methods of estimating the minimum number of 
3 
genes responsible for a trait. 
3. To compare estimates of heritability and number of genes 
for older and newer maize lines to determine if 





Estimates of the proportion of phenotypic variation 
that is genetic are called broad-sense heritabilities and 
are based on estimates of genetic (V^) and phenotypic (V 
variances. Vph is composed of , environmental variance 
(V ) and the genotype by environment interaction (V ). The 
® ge 
general formula for broad-sense heritability (h^) is 
Broad-sense heritability is a general estimate in that 
among the many loci capabable of influencing a character, 
there may be loci where one allele asserts some level of 
dominance. The contribution of intralocus interaction, as 
well as some interlocus interactions, is not transmitted 
from parent to progeny because two alleles, or sets of 
alleles, are separated at meiosis. In this respect, the 
estimate would give the breeder an inaccurate measure as to 
what extent selection would be effective for the trait of 
interest. 
Narrow-sense heritability limits measurement of genetic 
variation to that associated with the additive effects of 
individual alleles influencing a character. The additive 
variance (V ) is separated from V and the general formula 
a g 
for narrow-sense heritability (h^) is; 
5 
''n - V V 
Differences between narrow-sense heritability estimates 
and broad-sense heritability estimates calculated from the 
same data sets are caused primarily from nonadditive gene 
effects. 
The use of generation variance to estimate heritability 
is just one of several methods available to plant and animal 
breeders. There are several methods used when heritability 
estimates are calculated on the basis of generation 
variances. All are similar in that an estimate of 
environmental variation is removed from the total variation, 
resulting in either V or V , for estimates of broad and 
g a 
narrow sense heritability, respectively. 
Burton (1951) used the following formula to estimate 
broad-sense heritability for nine quantitatively inherited 
traits in pearl millet (Pennisetum qlaucum); 





VF2 is the variance among the F2 plants, and 
VFl is the variance among the F1 plants. 
In this respect. The numerator is an estimate of the 
total genetic variance which includes V^, the variance due 
to dominance (V^) deviations from additivity, the variance 
due to nonallelic genes (V^) and (V^^). Broad-sense 
6 
heritabllity estimates calculated by this method are biased 
upward due to estimation of V by VF2-VF1, with VFl 
9 
estimating the environmental variance. Burton reported 
heritabllity estimates of -0.56 for yield and 0.89 for plant 
height respectively. The negative value of the heritabllity 
estimate for yield was because the variance in the F1 was 
greater than that of the F2. 
Mahmud and Kramer (1951) calculated broad-sense 
heritabllity for yield and maturity in soybean (Glycine max) 
utilizing variability among F2 plants and the variability 
among nonsegregating parents of the Fl. The formula used 
was 
, 1/2 
h g = VF2 - [VPl X VP2] 
VF2 , 
where 
VF2 is the variance among F2 plants, 
VPl is the variance among parent one plants, and 
VP2 is the variance among parent two plants. 
The environmental variation was estimated by the geometric 
mean of the variances of the parents. 
Analyzing 601 space planted F2 plants and 24 and 30 
spaced planted plants of parent one (Mandarin) and parent 
two (Lincoln), repectively, authors calculated heritabllity 
estimates of 0.434 for yield and 0.406 plant height. 
Weber and Moorthy (1952) calculated broad-sense 
7 
heritability estimates for six characters in soybean. Data 
were recorded on single plant basis for four parents , three 
F1 generations, and three F2 generations. Heritability 
estimates were calculated using the following formula: 
o 1/3 




VF2 is the variance among F2 plants, 
VPl is the variance among parent one plants, 
VP2 is the variance among parent two plants, and 
VFl is the variance among F1 plants. 
The environmental variation was estimated by the geometric 
mean of the parents and the Fl. 
Heritability estimates averaged across three crosses 
(Adams by Hawkeye, Adams by Habaro, and Habaro by Mandella) 
ranged from -0.017 for seed yield 0.756 flowering time. 
Authors indicated they felt too few plants were available in 
the nonsegregating generations (PI, P2, Fl) to adequately 
estimate environmental variation. 
Broad-sense heritability estimates for first and second 
cutting yields and four other characters in orchard grass 
(Dactylis glomerata) were calculated by Kalton, et 
al.(1952) using the following formula: 
h^ = VSl - VSO 
8 
where 
VSl is the variance among SI families generated by 
selfing the parental (SO) clones, and 
VSO is the variance among genetically identical 
vegetatively propagated clones. 
Heritabilities were calculated using arithmetic mean 
variances and antilog mean variances. For the former, first 
and second cutting heritability estimates were -0.248 and 
-0.001, respectively. For the latter, first and second 
cutting heritability estimates were 0.025 and 0.267, 
respectively. 
Burton and DeVane (1953) used the following method to 
determine broad-sense heritability estimates for six 
agronomic traits of tall fescue (Festuca arundinacea) using 
information from clonal replication. Vg, the numerator, is 
estimated by V^, clonal variation, from an analysis of 
variance table. V and V , the error term from the 
c err 
analysis of variance table, were summed to total V , , the 
ph 
denominator. The formula is: 
» b = \ = 'g'V  
+ -'err 
Heritability estimates on a single plant basis for the 
49 tall fescue clones ranged from 0.37 for yield rating to 
0.59 for disease resistance. Heritability estimates for 
green-weight yield and seed harvested one and one-half years 
9 
after establishment were 0.45 and 0.34, respectively. 
Warner (1952) calculated narrow-sense heritability 
estimates using generation variances for 10 traits in maize. 
Variances for single-plant data of the Fl, F2, BC-1, BC-2, 
and parent populations of inbreds A158 and W9 were used to 
calculate h ^  directly, eliminating the need for an estimate 
of environmental variance. Under the assumption of equal 
environmental variation for the three segregating (F2, and 
two backcross) populations, Warner lists the components of 
the within population variance and the formula for h^ as 
follows: 
Population Variance Component 
F2 1/2 V + 1/4 V , + V 
a d e 
2F2 V + 1/2V , + 2V 
a ' d e 
BC-1 + BC-2 1/2 V^ + 1/2 V^+ 2V ^  
F2 - (BC-1 + BC-2) 1/2 V ^  
h ^  = 2VF2 - (VBC-1 + VBC-2) 
VF2 , 
where 
VF2 is the variance among the F2 plants, 
VBC-1 is the variance among the backcross plants to 
parent 1, 
VBC-2 is the variance among the backcross plants to 
. parent 2, 
V is the portion of variance attributed to the 
10 
additive effects of genes, 
V is the portion of variance due to dominance 
d 
deviations from additivity, and 
V is the environmental component of variation. 
e 
The experiment was grown in 12 replications, one 
environment, and data was collected for 350 plants of A158, 
290 plants of W9, 350 plants of the Fl, 1280 plants of the 
F2, and 670 plants of each of the backcross populations. 
2 
Estimates of hranged from 0.69 for ear diameter to 0.29 
for kernel yield per plant. 
Minimum Number of Genes Estimates 
The general formula for estimating the number of 
factors responsible for a trait (n) was developed by Castle 
and Wright (Castle, 1921) and is based on the following 
assumptions: Gene action is additive and genes have equal 
effects, parents are extreme in value for the trait of 
interest such that for all loci by which they differ, 
favorable genes are found in one parent, unfavorable genes 
are found in the other, and there is no dominance, linkage 
or epistasis. The formula is as follows: 
d2 
n = 
8(VF2 - VPl) 
f 
where 
D is the difference between parents. 
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VF2 and VFl are the variances of generation F1 and F2 
on a single plant basis, respectively. The 
denominator is, therefore, an estimate of V^, the 
genetic variance. 
Castle (1921) calculated the number of genes affecting 
seed weight in maize as four to five. The number affecting 
weight in rabbits ranged from 3 to 23, depending on the 
specific cross. 
Boyce (1946) provided concise derivation of the 
Castle-Wright formula where 
k is the effect due td one gene, 
2nk is the maximum genetic range, 
p and g are the frequencies of alleles such that 
p + q = 1. 
O 1/2 
[2n(pq - Op)] k is the genetic standard deviation, which 
equals [n/2]^/^ k when p = q = 1/2. 
Given the maximum range and genetic standard deviation, 
the number of genes segregating would be: 
n = 2nk = (maximum range) x 1/8 
[n/2]^ ^ k (genetic standard deviation)^ 
Dempster and Snyder (1950) modified the Castle-Wright 
formula such that assumptions could be relaxed with respect 
to linkage. An increase in genetic variance due to linkage, 
given that linkage is complete, would be of the magnitude of 
(m + n - l)/m where m is the number of linkage groups. 
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Modification of the Castle-Wright formula would be: 
n = (m-1) / [(8mVg/D^)-l] , 
where 
Vg is the genetic variance, and 
D is the difference between parental means. 
Researchers suggested a conservative estimate of m, 
which accounts for the unequal distribution of genes on each 
chromosome, should be used. 
Weng (1966) illustrates a concise derivation of the 
Castle-Wright formula from a probability standpoint for two 
cases: the first arrives at the general formula and the 
second considers the cases wherein dominance is present. 
Given that each gene pair, AA or Aa, has an equal and 
additive dominance effect, the formula would be as follows: 
n = 302/ i6Vg , 
where 
0 is the difference between the parental means, and 
V is the genetic variance. 
9 
Weng (1967) derives a formular for the number of 
factors for a third case, that of some loci acting 
completely additive (B^) and others having equally additive 
dominance effects (C^). Calculating n, where n is k + m, 
Weng arrives at the following equation: 
n = 5 (Lg- L^) 
16(3VF2 - VBCl - 2VF1) 
13 
and 
k = 5(4VF2 - 3VBC1 - 3 VFl) ) 
16(3VF2 -VBCl - 2 VFl) , 
where 
Lgand L^are genotypic values of line 2 and line 1, 
respectively, such that line 1 has smaller genotypic 
value compared to line 2, 
VF2 is the sample estimate of the variance of the F2 
generation, 
VBCl is the sample estimate of the variance of the 
I 
backcross generation of the F1 to , and 
VFl is the sample estimate of the variance of the F1 
generation. 
Serebrovsky (1928) modified the Castle-Wright formula 
to account for dominance using the backcross generation 
rather than the F2 generation. In situations of complete 
dominance, the modified formula eliminates the assumptions 
of both no dominance and one parent containing favorable 
alleles for the trait, the other, unfavorable alleles. The 
formula Serebrovsky developed is: 
n = D^/4(VBC - VFl) , 
where 
D is the difference between the parental means, parent 
one and parent two, 
VBC is the variance of the backcross generation of the 
14 
FI crossed with the recessive parent, and 
VFl is the variance of the F1 generation. 
Burton (1951) used the following formula to estimate 
the minimum number of genes affecting traits in pearl 
millet: 
n = 0.25 (0.75 - h + h^) 
VF2 - VFl 
h = F1 - PI 
P2 - PI 
D = P2 - PI, 
where 
VF2 and VFl are the variances of the F2 and F1 
generations, respectively, 
PI and P2 are the means of the smallest and largest 
parents, respectively, 
F1 is the mean of the Fl population, and 
F2 is the mean of the F2 population. 
Unbiased estimates would be obtained given that no 
linkage exists between genes of interest, one parent 
provides favorable alleles, the other provides unfavorable 
alleles, all genes are of equal importance, the degree of 
dominance is uniform, and no epistasis. 
Among several of the crosses, estimates of n for plant 
height ranged from 1.8 to 25.8 while estimates for days to 
maturity ranged from 2.1 to 7.6. 
15 
Lande (1981), using data collected by several 
researchers, evaluted four methods of determining the 
minimum number of genes affecting a trait. The methods, 
based on generation variances, varied in their estimation of 
genetic variance. Transformed data for fruit weight in 
tomato (Lycopersicon esculentum) (Powers, 1942) predicted 
values for n at approximately 10 (9.8, 10.0, 9.1, and 11.1 
for the methods evaluated). Percentage of kernel oil in 
maize (Sprague and Brimhall, 1949) was predicted as being 
determined by 17 to 22 genes. 
16 
MATERIALS AND METHODS 
Two sets of inbred lines, designated as older 
(pre-1960) and as newer (post-1970) were included. A brief 
description of each line and its origin is presented. 
Inbred L289 was developed by Jenkins out of Lancaster 
Sure Crop (Bryan and Jugenheimer, 1937). The exact year of 
release is unknown, but the line appears in the 1936 
Yearbook of Agriculture (Jenkins, 1936). The line is a 
strain of Lancaster Sure Crop and is described as a high 
yielding seed parent with poor pollen production and few, if 
any, tillers (Bryan and Jugenheimer, 1937). It is 
susceptible to diplodia stalk rot, Diplodia maydis, and 
smut, Ustilaqo maydis, both which affect late-season stalk 
rot. 
Inbred L317 was selected out of Lancaster Sure Crop by 
Jenkins (Bryan and Jugenheimer, 1937). As with L289, its 
exact year of release is unknown (Jenkins, 1936). It is a 
late maturing line and is considered a good pollen shedder 
(Bryan and Jugenheimer, 1937), The line has good resistance 
to wilting and firing. 
Inbred M14 was developed jointly by the Illinois-USDA 
project and the Moews Hybrid Corn Company (Stringfield, 
1959). The line, selected out of the cross BRIO X R8, was 
released by the Illinois station in 1941. Although M14 
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appears in the 1936 Yearbook of Agriculture, its year of 
release is not well documented (Jenkins, 1936). It is 
susceptible to aphids, corn borer, and stalk rot, and has 
moderate resistance to leaf blight and better than average 
cold tolerance and root strength. 
Inbred Wf9 was selected out of Reid Yellow Dent by the 
Indiana-USDA project and released in 1936 (Stringfield, 
1959). The line is susceptible to ear mold, leaf blights, 
corn borer, and aphids, but has moderate to good stalk 
strength and good root strength. 
Inbred B14A is a leaf rust (Puccinia sorghi) resistant 
version of inbred B14 (Russell et al., 1971). Inbred B14 
was selected out of Iowa Stiff Stalk Synthetic (BSSS) and 
released in 1953. The resistance to leaf rust was provided 
by the cross Cuzco * Early Dent. B14A provides resistance 
to root and stalk lodging and good tolerance to western corn 
rootworm, Diabrotica virqifera virqifera. The line is 
classified AES800 maturity. 
Inbred B37 was selected out of BSSS and released in 
1958 (Russell et al., 1971). The line has acceptible stalk 
and root strength and provides resistance to northern corn 
leaf blight, Helminthosporium turcicum. It has good seed 
yield but is a poor pollen parent. Maturity classification 
for B37 is AES800. 
Inbred B73 was released by Iowa State University in 
18 
1972 (Russell, 1972). The line was selected out of cycle 5 
of a population of BSSS undergoing recurrent selection 
[BS13(HT)C5]. Plant type is vigorous with upright leaf 
orientation. Silk emergence occurs at pollen shed and ears 
typically have 18 to 20 rows. B73 performs excellently per 
se and in hybrid combination and is classified AES800 
maturity. 
Inbred B75 was made available as a germplasm line by 
Iowa State University in 1975 (Russell, 1976). The line was 
selected from Iowa Corn Borer Synthetic Number Three, a 16 
line synthetic comprised of lines from the north central 
corn belt which were resistant to first generation European 
corn borer, Ostrinia nubilalis. Ear-to-row selection was 
carried out for eight generations. The tassel, with one or 
two lateral branches, begins to shed two to three days prior 
to silk emergence. The line is highly resistant to first 
generation European corn borer, but is moderately 
susceptible to damage by second generation feeding. The 
line contributes average yield but poor root strength to 
hybrids. B75 is classified AES700 maturity. 
Inbred B76 was selected out of a backcrossing program 
designed to transfer resistance to first generation European 
corn borer from CI31A to B37 [{(CI31AxB37)F2}xB37] (Russell 
and Hallauer, 1974). Selection was conducted at high plant 
densities (59,000 plants per hectare). B76 has better and 
19 
earlier pollen production, less silk delay, lower plant and 
ear heights, and higher seed yield than B37. B76 was 
released in 1973 by Iowa State University. 
Inbred B77 was selected out of a full sib selection 
program involving 'Pioneer Two-Ear Composite' (PHPRC) 
(Russell and Hallauer, 1974). The program was conducted at 
Iowa State University and B77 was released in 1974. Ears 
are small seeded and harvestable second ears are produced in 
population densities up to 38,000 plants per hectare. 
Pollen production is sufficient and silks emerge two to 
three days after pollen shed. The line has good general 
combining ability and adequate root and stalk strength is 
transmitted to hybrids. B77 is classified late AES800 
maturity. 
Inbred B79 was released by Iowa State University in 
1975 and was selected out of a full sib selection program 
involving Iowa Two-Ear Synthetic (BSTE) (Russell and 
Hallauer, 1976). B79 is high yielding with medium-sized red 
kernels and intermediate resistance to first and second 
generation European corn borer. Strong root system is 
transmitted to hybrids by B79, and the line is classified 
AES800 maturity. 
Inbred B84 was developed from a selected S2 line from a 
recurrent selection program at Iowa State University 
[BS13(HT)C7] (Russell, 1979). Leaf orientation is upright 
20 
and there is a high frequency of harvestable second ears. 
Kernel-row number is 16 to 18 and seed is yellow and 
rounded. The line has intermediate resistance to European 
corn borer. Maturity classification is AES800. 
A brief summary of the inbred lines used in this research is 
presented in Table 1. 
Table 1. Summary of the inbred lines including year 
released and source population 
Inbred line Year released Source population 
L289 1936 Lancaster Surecrop 
L317 1936 Lancaster Surecrop 
M14 1936 BRIO * R8 
Wf9 1936 Reid Yellow Dent 
B14a 1953 BSSS, Cuzco * Early Dent 
B37 1958 BSSS 
B73 1972 BS13(HT)C5 
B75 1976 Corn Borer Synthetic #3 
B76 1974 (CI31A*B37)F2*B37 
B77 1974 Pioneer Two-Ear Composite 
B79 1976 Iowa Two-Ear Synthetic 
B84 1979 BS13(HT)C7 
Seed Production 
Backcross 
for Fl, F2, and 
Generations. 
The six inbred lines within each of the two age groups 
('Older' and 'Newer' age groups indicate lines released 
prior to 1960 and after 1970, respectively.) were crossed in 
all possible combinations (reciprocals bulked) to produce 15 
hybrids per age group. The single crosses were selfed to 
produce the F2 as well as backcrossed to both parents to 
produce the backcross generations. A listing of the 132 
21 
entries evaluated is presented in Table 2. 
The genetic structure of an inbred parent is homozygous 
and homogeneous, while that of the F1 is heterozygous and 
homogeneous. Variation within the plots ( ) of either 
parent line or F1 would, therefore, be due to within-plot 
environmental effects ( ). The F2 and backcross 
generations are 50% heterozygous, 50% homozygous, and 
heterogenous. Within-plot variability is comprised of within 
plot environmental effects and within-plot genetic effects 
(^w ' ^we * ^wg)• A summary of the five generations, their 
means with respect to generations present, and within plot 
variation is presented in Table 3. 
Field Procedure and Design 
The experiment was grown in a restricted randomized 
complete block design with three replications (reps) in four 
environments. The material was planted in three locations 
(Agronomy Farm, Boone lA, Atomic Energy, Ames, lA, and 
Ankeny Research Farm, Ankeny, lA) for two years (1985 and 
1986). However, due to drought damage in 1985 and wind 
damage in 1986, the data from the Ankeny location was not 
included. 
Field plots included two rows for all entries except the 
12 inbred parents, which included four rows. Entries were 
arranged in a restricted randomization such that old and new 
22 
Table 2. Listing of genotypes evaluated. Entries are 
arranged in the table as to represent the sub-
blocks used in the restricted randomization design 
Inbred Fl 
Old New Old New 
L289 B73 L289XL317 B73XB75 
L317 B75 L289XM14 B73XB76 
M14 B76 L289xWf9 B73XB77 
Wf9 B77 L289XB14A B73XB79 
B14A B79 L289XB37 B73XB84 










BBC-l and BC-2 indicate the backcross of the F1 to 
the first and second parent listed in the pedigree of the 
Fl, respectively. 
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Table 2. continued 
F2 BC-1 a 
Old New Old 
(L289XL317).F2 (B73XB75 .F2 (L289xL317)xL289 
(L289XM14).F2 (B73XB76 .F2 (L289XM14)XL289 
(L289xWf9).F2 (B73XB77 .F2 (L289xWf9)xL289 
(L289XB14A).F2 (B73XB79 .F2 (L289XB14A)XL289 
(L289XB37).F2 (B73XB84 .F2 (L289xB37)xL289 
(L317XM14).F2 (B75XB76 .F2 (L317xM14)xL317 
(L317xWf9).F2 (B75XB77 .F2 (L317xWf9)xL317 
(L317XB14A).F2 (B75XB79 .F2 (L317xB14A)xL317 
(L317XB37).F2 (B75XB84 .F2 (L317xB37)xL317 
(M14xWf9).F2 (B76XB77 .F2 (M14xWf9)xM14 
(M14XB14A).F2 (B76XB79 .F2 (M14XB14A) XM14 
(M14XB37).F2 (B76XB84 .F2 (M14XB37)XM14 
(Wf9xB14A).F2 (B77XB79 .F2 (Wf9xB14A)xWf9 
(Wf9xB37).F2 (B77XB84 .F2 (Wf9xB37)xWf9 
(B14AXB37).F2 (B79XB84 .F2 (B14AxB37)xB14A 
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Table 2. continued 
BC-1 a BC-2 a 
New Old New 
(B73xB75)xB73 (L289xL317)xL317 (B73XB75) XB75 
(B73XB76)XB73 (L289XM14)XM14 (B73XB76) XB76 
(B73xB77)xB73 (L289xWf9)xWf9 (B73XB77) XB77 
(B73xB79)xB73 (L289XB14A)XB14A (B73XB79) XB79 
(B73xB84)xB73 (L289XB37)XB37 (B73XB84) XB84 
(B75XB76)XB75 (L317XM14)XM14 (B75XB76) XB76 
(B75xB77)xB75 (L317xWf9)xWf9 (B75XB77) XB77 
(B75xB79)xB75 (L317XB14A)XB14A (B75XB79) XB79 
(B75xB84)xB75 (L317XB37)XB37 (B75XB84) XB84 
(B76xB77)xB76 (M14xWf9)xWf9 (B76XB77) XB77 
(B76XB79)XB76 (M14XB14A)XB14A (B76XB79) XB79 
(B76XB84)XB76 (M14xB37)xB37 (B76XB84) XB84 
(B77XB79)XB77 (Wf9XB14A)XB14A (B77XB79) XB79 
(B77XB84)XB77 (Wf9xB37)xB37 (B77XB84) XB84 
(B79XB84)XB79 (B14AXB37)XB37 (B79XB84) XB84 
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Table 3. Means and within-plot variation expected in the 
parental (PI and P2), Fl, F2, and backcross 
(BC-l and BC-2) generations 
Mean with respect to Within plot 
Generation generations present variation 
Pi, P2^ PI, P2 2 a 
we 




(PI + P2 2F1) 
and 




BC-1 1/2 (PI + Fl) 
wg + we 





^Pl and P2 indicate parent 1 and parent 2. 
b 2 2 2 2 2 
a = (l/2o + a,), where o and a, are the additive 
wg HQ 3 Q 
and dominance variance, respectively, assuming no epistasis. 
^Owg = (l/2*a + ^d °ad)' "^ere aj, a^, and are 
the additive and dominance variance and covariance of 
additive and dominance effects, respectively. 
lines within the five generations, each with different 
inherent levels of vigor, were grouped into sub-blocks. The 
listing of the entries in Table 2 represents the sub-
blocking used in the experiment. 
The experiment was machine planted at 26 seeds per 5.5 
meter (m) row, 0.76 m between rows. Each two-row plot was 
thinned to 42 plants per plot. Inbred plots were thinned to 
21 plants per row, or (84 plants per plot). The final 
uniform stand across the experiment was approximately 50,000 
plants per hectare. 
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Description of the eight traits evaluated is presented 
in Table 4. Data for preharvest traits (plant and ear 
height and tassel-branch number) were collected for the 
first five competitive plants in each row. Ten plants for 
each plot of Fl, F2, BC-1 and BC-2 generations provided 
preharvest data for 3600 plants (4 generations x 15 entries 
X 3 replications x 2 locations x 10 plants) each year (900 
plants per generation per year). Ten plants per plot were 
evaluated for the 12 inbred generation entries (12 entries x 
3 replications x 2 locations x 10 plants = 720 plants) in 
1985. Twenty plants per plot were evaluated in 1986 (12 
entries x 3 replications x 2 locations x 20 plants = 1440 
plants). A total of 9360 plants were evaluated for 
preharvest traits for the experiment. 
Harvest traits were recorded for the first five and 10 
competitive plants in the inbred and non-inbred plots, 
respectively. Ears were harvested by hand and dried to 
approximately 6% moisture. Data were collected for the 
following traits: ear length, ear diameter, kernel-row 
number, cob diameter and kernel weight. Kernel depth was 
computed for each ear as determined from ear diameter and 
cob diameter. 
Statistical Procedures 
Objective one of this study is to compare estimates of 
heritability on a single plant basis. Single plant data 
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Measurement, in centimeters, of the 
distance from the ground to the tip 
of the main axis of the tassel. 
Measurement, in centimeters, of the 
distance from the ground to the node 
of the upper-most ear on the plant. 
Tassel-branch number A count of the branches on the 






Measurement, in centimeters, of the 
length of the ear. 
Measurement, in centimeters, of the 
length of the ear at the center of 
the ear. This measurement includes 
the kernels. 
Count of the number of kernel row 
numbers on the ear. 
Measurement, in centimeters, of the 
diameter of the cob. This number was 
used to compute kernel depth. 
Yield 
per hectare. 
Weight of grain, reported in quintals 
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provided the necessary information for computing estimates 
2 2 
of narrow and broad sense heritability (h^ and hy, 
respectively). Within-plot variance for each entry was 
determined by calculating individual analyses of variance 
over environments for each trait. The analysis of variance 
(ANOVA) is presented in Table 5. 
Table 5. Analysis of variance and expected mean square for 
within plot variability over environments 
Source df Expected mean square 
Entry r-1 ^  




. 0% + 
we wg 
environments = 4 (2 locations, 2 years) and p = number of 
plants in the ith plot was 20 and 10, for inbred and 
noninbred entries, respectively. 
In order to obtain heritability estimates, the genetic 
variance must be isolated from the total variance. This was 
accomplished by subtracting the within-plot environmental 
variation from the total within-plot variation in the F2 
generation. Estimates of within-plot variation due to the 
environment (a^) were obtained from homogeneous inbred 
parent and F1 generations. Estimates of and 
2 2 isolation of (for broad sense heritability) or (for 
narrow sense heritability) were obtained in various ways, as 
presented in Table 6. The computations of provide 
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2 Table 6. Formulae used to obtain a (for narrow-sense 
heritability and (for broad-sense 
heritability) ° 
Narrow sense (og); 
2ap2 - (Ogc-l * °BC-2^ 
2(a^2 - 2F1P1P2 ) 
" [(Ogc-i - *weFlPl ^ (BC-2 - %epip2 )] 
Broad sense (^5 ); 
*5 
F2 ^F1 
'F2 - )(0p2)]l/Z 
'F2 - [(a|i 
'F2 - [Opi 
different numerators for the estimates of heritability. 
Six formulae for estimation of narrow-sense heritability 
(Warner and modified Warner) and broad-sense heritability 
(Burton, Mahmud and Kramer, Weber and Moorthy,and modified 
Mahund and Kramer) are listed in Table 7. 
Standard errors for heritability estimates were 
calculated by the method described by Dickerson (1969). The 
general formular is: 
SE h^= [c/d ] [d var(n) + n var(d) - 2nd] , 
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Table 7. Formulae used to estimate heritabilities on an 
individual plant basis 
Warner (1952); 




"n ' 2:4 - <2°F1 "pi " 
[ ic-1 - ( i l  * [ ic-2 -
"fz 
Burton (1951): 
, 2 "FZ - °F1 
Mahmud and Kramer (1951): 
Z ,2 Z .1/2 
2 <Jp2 - (Opi Opz' 
°F2 
Weber and Moorthy (1952) 
h 
2  , 2  „ 2  „ 2  . 1 / 3  
2 °F2 " (°^1 °P2 *Fl) 
'b ^ 
^F2 





c = constant; 
d = the denominator, the phenotypic variance, which is 
F2 for all heritability estimates; and 
n = the numerator, and for the broad- and 
g a 
narrrow-sense heritability estimates, respectively. 
The geometric mean of the variance components were used 
in calculating heritability estimates and standard errors 
for each age (old and new, n = 15) and over all crosses (n = 
30). The geometric mean (GM) is defined by Sokal and Rohlf 
(1969) as the retransformed mean of a vriable such that 
GM = antilog 1/n I log y . , 
i=l 1 
1/n 
= [y y y •. • y ] , 
where 
n is the number of means, and 
y is the value of the mean. 
Various estimate of the minimum number of genes 
contributing to the variation of the traits within the 30 F2 
populations was computed. The method presented by Wright 
(1952) and expanded by Lande (1981) was further expanded to 
included the various estimates of used in the 
heritability estimates. The formular and explaination of 
its components is as follows: 
n = (up2 - vipl)^ / sag 
where 
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n = minimum effect number of factors; 
ppl, vip2 = mean value of parent one two, respectively, 
in terms of standard phenotypic deviations; 
and 
2 2 2 
ag = estimate of genetic variance, either o^or o^. 
Values for parents were transformed into units of 
phenotypic standard deviation. The standard deviation (SD) 
of the phenotypic variance (g^) was computed from the 
P 
analysis of variance found in Table 9. 
Data for yield, plant height, and ear height were 
transformed by a procedure discussed by Wright (1968). The 
data were transformed in this manner to better fit the 
assumptions of the formula. The transformation used was: 
X' = [log X + bO/bl] when bO/bl > 0 and 
X' = log X when bO/bl < 0 
where bO and bl are the intercept and slope, respectively, 
of the regression of the standard deviation on the mean for 
the six populations (parent 1, parent2, FX, F2, BC-1, and 
BC-2) for each of the 30 crosses. 
The standard error for the minimum number of factors 
affecting a trait was computed from the following formula 
(Lande, 1981): 
4 [Opi f 
= UPÎ - UPÊ1 - — 
1/2 ® 
SE = [Var (n)] 
Table 9. ANOVA and expected mean squares for computation of standard phenotypic 
deviations for parent lines 
Source Expected 
df Mean squares 
Actual Expected^ Actual 
Env (E) e-l^ 3 
Rep/E e(r-l) 8 
Genotype (G) 9-1 5 2 2 + kra „ + krea ge g M4 
G X E (g-1)(e-1) 15 ko2 M3 
Error e(r-l)(g-1) 40 M2 
Total (erg-1) 71 
Within (z/x)^ erg (k-1) 1368/648 Ml 
^Where = (M2 - Ml)/k, = (M3 - M2)/kr, and = (M4 - M3)/kre. 
^e is the number of environments =4, r is the number of replications (reps) = 
3, and g is the number of genotypes = 6. 
is the number of plants = k = 20 for harvest traits and x is the number of 
plants = k = 10 for pre-harvest traits. 
34 
RESULTS AND DISCUSSION 
Heritability Estimates 
Listings of significance in two-way comparisons of 
methods of estimating heritability are presented in Tables 
10 through 17. Significance was detected if the estimate 
(Appendices A1 through A8) lies outside the estimated 
confidence interval (Appendices B1 through B8) of the 
estimate being compared. Fifteen pair-wise comparisons were 
made for each of the 30 crosses for the traits evaluated. 
Yield 
Burton's method differed from Mahmud and Kramer, Weber 
and Moorthy, and modified Weber and Moorthy for all of the 
older crosses except B14A x B37 for yield. Estimates 
obtained by Burton's method differed from those obtained by 
Warner and modified Warner for the crosses Wf9 x B37 and 
B14A X B37. Estimates obtained from Mahmud and Kramer, 
Weber and Moorthy, and Modified Weber and Moorthy did not 
differ from each other for both older and newer line 
crosses. Estimates by these three methods did differ from 
thoses obtained by Warner and modified Warner in the crosses 
M14 X Wf9 and B14A X B37. 
Burton's method differed in estimates from Mahmud and 
Kramer for eight of the 15 crosses involving newer line 
crosses. In five out seven instances of significance 
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Table 10. Listing of significance in 2-way comparisons of 
methods of estimating heritability for yield 
Cross M&K* 
Burton vs. 
W&M MW&M w MW 
Mahmud & 
Kramer vs. 
W&M MW&M w MW 
Old 
L289 * L317 * * * ns ns ns ns * * 
L289 * M14 * * * ns ns ns ns ns ns 
L289 * Wf9 * * * ns ns ns ns * * 
L289 * B14A * * * ns ns ns ns * * 
L289 * B37 * * * ns ns ns ns ns ns 
L317 * M14 * * * ns ns ns ns ns ns 
L317 * Wf9 * * * ns ns ns ns ns ns 
L317 * B14A * * * ns ns ns ns ns ns 
L317 * B37 * * * ns ns ns ns ns ns 
M14 * Wf9 * * * ns ns ns ns * * 
M14 * B14A * * * ns ns ns ns ns ns 
M14 * B37 * * * ns ns ns ns ns ns 
Wf9 * B14A * * * ns ns ns ns ns ns 
Wf9 * B37 * * * * * ns ns ns ns 
B14A * B37 ns ns ns * * ns ns * * 
New 
B73 * B75 ns ns ns ns ns ns ns * * 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns * ns * ns ns * * 
B73 * B79 ns ns ns ns ns ns ns * * 
B73 * B84 * * ns ns ns ns ns ns ns 
B75 * B76 * * ns ns ns ns ns ns ns 
B75 * B77 * * ns ns ns ns ns * * 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 * * * ns ns ns ns * * 
B76 * B77 * * * ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 * * ns ns ns ns ns ns ns 
B77 * B79 * * * ns ns ns ns ns ns 
B77 * B84 * * * ns ns ns ns ns ns 
B79 * B84 ns ns ns * * ns ns ns ns 
^Methods identification: M&K is Mahmud and Kramer, 
W&M is Weber and Moorthy, MW&M is modified Weber and 
Moorthy, W is Warner, and MW is modified Warner in this 
and the following seven tables. 
* Indicates significance at the 0.05 probability 
level. 
ns Indicates no significance. 
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Table 10. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns * * ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * 314A ns ns ns ns ns ns 
L289 * 337 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * 314A ns ns ns ns ns ns 
L317 * 337 ns ns ns ns ns ns 
M14 * Wf9 ns * * * * ns 
Ml 4 * B14A ns ns ns ns ns ns 
M14 * 337 ns ns ns ns ns ns 
Wf9 * 314A ns ns ns ns ns ns 
Wf9 * 337 ns ns ns ns ns ns 
B14A * 337 ns * * * * ns 
New 
B73 * 375 ns * * ns ns ns 
B73 * 376 ns ns ns ns ns ns 
373 * 377 ns * * * * ns 
373 * 379 ns ns * ns * ns 
373 * 384 ns ns ns ns ns ns 
375 * 376 ns ns ns ns ns ns 
375 * 377 ns * * * * ns 
375 * 379 ns ns ns ns ns ns 
375 * 384 ns ns ns ns ns ns 
376 * 377 ns ns ns ns ns ns 
376 * 379 ns ns ns ns ns ns 
376 * 384 ns ns ns ns ns ns 
377 * 379 ns ns ns ns ns ns 
377 * 384 ns ns ns ns ns ns 
379 * 384 ns ns ns ns ns ns 
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between methods where Weber and Moorthy differed from Warner 
and modified Warner, modified Weber and Moorthy also 
differed from Warner and Modified Warner. No significance 
2 
was found between the h methods and modified Weber and 
n 
Moorthy in the cross B73 x B7S, whereas differences were 
2 detected for the h methods vs Mahmud and Kramer. 
n 
Kernel-row number 
Burton differed significantly from Mahmud and Kramer in 
the crosses L289 x B37, Wf9 x B37, and B14A x B37. The cross 
B73 X B84 differed in estimates obtained by all broad-sense 
methods when compared with narrow-sense methods. 
Ear diameter 
2 Burton's method differed in h^estimates for ear 
diameter compared to those obtained by Mahmud and Kramer and 
Weber and Moorthy for the crosses L289 x B14A, L289 x B37, 
M14 X B37, Wf9 X B37, and B14A X B37. Estimates obtained by 
Burton's method did not differ from those obtained by 
modified Weber and Moorthy, Warner, and modified Warner for 
all of the older crosses and all of the newer crosses, with 
the exception of B75 x B76 and B75 x B77. 
There were seven comparisons wherein Mahmud and Kramer, 
Weber and Moorthy, and modified Weber and Moorthy differed 
from one or both of each other for older line crosses. None 
of the comparisons differed among these three methods in 
the newer line crosses. 
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Table 11. Listing of significance in 2-way comparisons of 
methods of estimating heritability for kernel-
row number 
Mahmud & 
Burton vs. Kramer vs. 
Cross M&K W&M MW&M W MW W&M MW&M W MW 
Old 
L289 * L317 ns 
L289 * M14 ns 
L289 * Wf9 ns 
L289 * B14A ns 
L289 * B37 * 
L317 * M14 ns 
L317 * Wf9 ns 
L317 * B14A ns 
L317 * B37 ns 
M14 * Wf9 ns 
M14 * B14A ns 
M14 * B37 ns 
Wf9 * B14A * 
Wf9 * B37 ns 
B14A * B37 * 
New 
B73 * B75 ns 
B73 * B76 ns 
B73 * B77 ns 
B73 * B79 ns 
B73 * B84 ns 
B75 * B76 ns 
B75 * B77 ns 
B75 * B79 ns 
B75 * B84 ns 
B76 * B77 ns 
B76 * B79 ns 
B76 * B84 ns 
B77 * B79 ns 
B77 * B84 ns 
B79 * B84 ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns * * 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns lis 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns * * 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
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Table 11. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns * * * * ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns 
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Table 12. Listing of significance in 2-way comparisons of 




W&M MW&M W MW 
Mahmud & 
Kramer vs. 
W&M MW&M W MW 
Old 
L289 * L317 ns ns ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A * * ns ns ns * * * * 
L289 * B37 * * ns ns ns * * ns ns 
L317 * H14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 * * ns ns ns ns * ns ns 
Wf9 * B14A ns ns • ' ns ns ns ns ns ns ns 
Wf9 * B37 * * ns ns ns ns ns ns ns 
B14A * B37 * * ns ns ns * * ns ns 
New 
B73 * B75 * ns ns ns ns ns ns ns ns 
B73 * B76 * ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 * ns ns * * ns ns ns ns 
B75 * B77 ns ns ns * * ns ns ns ns 
B75 * B79 ns ns ns ns ns ns ns * * 
B75 * B84 ns ns ns ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 * ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns * * 
B79 * B84 * ns ns ns ns ns ns ns ns 
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Table 12. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
373 * B77 ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns * * * * ns 
B75 * B77 ns * * * * ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns * * * * ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns 
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2 2 The only significant comparisons between h^ and h^ 
methods for older lines were between Mahmud and Kramer vs. 
Warner and modified Warner for the cross L289 x B14A. 
Significant comparisons between h^ and h^ methods for newer 
lines crosses B75 x B76 and B75 x B77 were detected, as were 
eight other comparisons involving h^ and h^ methods. 
Ear length 
Comparisons between Burton and Mahmud and Kramer 
differed for estimates for three of the 30 crosses (L289 x 
L317, L289 X B37, and B14A X B37), and between Weber and 
Moorthy for one of the crosses, L289 x B37. Burton's method 
differed in estimates vs. hp estimates for B14A x B37, B73 x 
b 
B75, and B75 X B84. There were no significant differences 
among estimates determined by the methods of Mahmud and 
Kramer, Weber and Moorthy, and Modified Weber and Moorthy 
for all crosses. The comparisons Mahmud and Kramer, Weber 
and Moorthy, and modified Weber and Moorthy vs. the h^ 
methods differed for the newer crosses B73 x B75, and B76 x 
B77, and the older cross B14A x B37, with the exception of 
Mahmud and Kramer vs. Warner. 
Kernel depth 
Comparisons were significant for estimates for kernel 
depth among broad-sense methods for 13 of 30 crosses. 
Burton differed significantly from Mahmud and Kramer in the 
crosses L289 X B14A, L317 X M14, L317 X B37, M14 X Wf9, M14 
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Table 13. Listing of significance in 2-way comparisons of 
methods of estimating heritability for ear length 
Mahmud & 
Burton vs. Kramer vs. 
Cross M&K W&M MW&M W MW W&M MW&M W MW 
Old 
L289 * L317 * ns ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 * * ns ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns ns ns ns 
Wf9 * B37 * ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns * * ns ns ns * 
New 
B73 * B75 ns ns ns * * ns ns * * 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns * * ns ns * * 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns ns ns ns 
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Table 14. Listing of significance in 2-way comparisons of 




W&M MW&M W MW 
Mahmud & 
Kramer vs. 
W&M MW&M W MW 
Old 
L289 * L317 ns ns ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A * ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 * ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 * * ns ns ns ns ns ns ns 
M14 * Wf9 * ns ns ns ns ns * ns ns 
M14 * B14A * * ns ns ns ns ns ns ns 
M14 * B37 * * ns ns ns ns * ns ns 
Wf9 * B14A ns ns ns ns ns ns * ns ns 
Wf9 * B37 ns * * ns ns * * ns ns 
B14A * B37 * ns ns ns ns * * ns ns 
New 
B73 * B75 ns ns ns • ns ns ns ns ns ns 
B73 * B76 * ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns * * ns ns * * 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns ns * * 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns * * ns ns ns ns 
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Table 14. continued 
Modified 
Weber & Weber & 
Moorthy vs, Moorthy vs. Warner vs 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns * * * * ns 
B73 * B77 ns ns ns * * ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns * ns 
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X B14A, M14 X B37, B14A X B37, and B73 x B76. Burton vs. 
Weber and Moorthy differed for the crosses L317 x B37, M14 x 
B14A, M14 X B37, and Wf9 X B37, and from modified Weber and 
Moorthy in the cross Wf9 x B37. Comparisons among estimates 
otained by Mahmud and Kramer, Weber and Moorthy, and 
modified Weber and Moorthy differed for seven crosses of 
older lines, including B14A x B37. 
Narrow-sense estimates did not differ from broad-sense 
estimates for the older lines. The narrow-sense estimates, 
however, did differ for all comparisons with broad-sense 
methods for the cross B73 x B77. Estimates between narrow-
sense methods and Burton's method were significant for the 
cross B79 X B84; for the same cross, significant comparisons 
were detected for modified Weber and Moorthy vs. Warner. 
Significant comparisons were detected for Mahmud and Kramer 
vs. Warner and modified Warner for the cross B75 x B77, and 
between modified Weber and Moorthy vs. Warner and modified 
Warner for the cross B73 x B77. 
Tassel-branch number 
Eleven significant differences were detected in 
comparisons of methods of estimating heritability for 
tassel-branch number. The only significant comparison in 
older line crosses was between Burton and Mahmud and Kramer 
for the cross L317 x B14A. Burton's method also differed 
from Mahmud and Kramer for the crosses involving B75 and the 
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Table 15. Listing of significance in 2-way comparisons of 
methods of estimating heritability for tassel-
branch number 
Mahmud & 
Burton vs. Kramer vs. 
Cross M&K W&M MW&M W MW W&M MW&M W MW 
Old 
L289 * L317 ns ns ns 
L289 * M14 ns ns ns 
L289 * Wf9 ns ns ns 
L289 * B14A ns ns ns 
L289 * B37 ns ns ns 
L317 * M14 ns ns ns 
L317 * Wf9 ns ns ns 
L317 * B14A * ns ns 
L317 * B37 ns ns ns 
M14 * Wf9 ns ns ns 
M14 * B14A ns ns ns 
Ml 4 * B37 ns ns ns 
Wf9 * B14A ns ns ns 
Wf9 * B37 ns ns ns 
B14A . * B37 ns ns ns 
New 
B73 * B75 * * ns 
B73 * B76 ns ns ns 
B73 * B77 ns ns ns 
B73 * B79 ns ns ns 
B73 * B84 * * * 
B75 * B76 * ns ns 
B75 * B77 * * ns 
B75 * B79 * ns ns 
B75 * B84 * ns ns 
B76 * B77 ns ns ns 
B76 * B79 ns ns ns 
B76 * B84 ns ns ns 
B77 * B79 ns ns ns 
B77 * B84 ns ns ns 
B79 * B84 ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns ns 
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Table 15. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs 
Cross MW&H W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns • ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns 
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cross B73 x B84. Differences between Burton and Weber and 
Moorthy were detected for the crosses B73 x B84, and B75 x 
B84, and for Burton vs. modified Weber arid Moorthy for the 
cross B73 X B84. 
Plant height 
Significant comparisons between estimates obtained by 
Burton's Method vs. Mahmud and Kramer were obtained for the 
crosses L289 x L317 and Wf9 x B14A for plant height. 
Comparisons were significant between broad and narrow-sense 
estimates for the crosses L289 x B14A and B75 x B84. 
Estimates differed between Mahmud and Kramer and Weber and 
Moorthy for the crosses B14A x B37 and between Mahmud and 
Kramer vs. modified Weber and Moorthy for M14 x B37 and B14A 
X B37. Narrow- and broad-sense estimates determined by 
Mahmud and Kramer, Weber and Moorthy, and modified Weber and 
Moorthy differed for the cross B76 x B84, and for Mahmud and 
Kramer for the cross L289 x L317. 
Ear height 
Comparisons of estimates were significant between 
Burton vs. Mahmud and Kramer and Weber and Moorthy for the 
crosses L289 x L317 and M14 x Wf9 for ear height. 
Significant differences between narrrow- and broad-sense 
methods were detected for the crosses B75 x B77, B76 x B84, 
and B79 X B84. 
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Table 16. Listing of significance in 2-way comparisons of 




W&M MW&M W MW 
Mahmud & 
Kramer vs. 
W&M MW&M W MW 
Old 
L289 * L317 * ns ns ns ns ns ns * * 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A ns ns ns * * ns ns * * 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns * ns ns 
Wf9 * B14A * ns ns ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns * * ns ns 
New 
B73 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns * * ns ns * * 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns * * ns ns ns * 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns * * ns ns * * 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns * * 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns ns ns ns 
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Table 16. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns * * * * ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns * * * * ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns * ns * ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns * * * * ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns * * * * ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns 
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Table 17. Listing of significance in 2-way comparisons of 
methods of estimating heritability for ear height 
Cross H&K 
Burton vs. 
W&M MW&M W MW 
Mahmud & 
Kramer vs. 
W&M MW&M W MW 
Old 
L289 * L317 * * ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 * * ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns ns ns ns 
Wf9 * B14A ns . ns ns ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns * * ns ns * * 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns * * ns ns * * 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns * * ns ns * * 
54 
Table 17. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns * * * * ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns * * * * ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns * * * * ns 
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Significant differences between estimates of 
heritability obtained by the six methods were detected most 
often for yield (112 significant comparisons) and least 
often for kernel-row number (10 significant comparisons). 
Differences were detected more frequently for newer line 
crosses (167) than older line crosses (137). Sixty percent 
(173 of 304) of the significant comparisons over all traits 
were detected when comparing narrow- vs. broad-sense 
heritability methods. 
Of the 131 significant comparisons detected among 
broad-sense methods for the traits, 113 were obtained when 
comparing Burton's method with Mahmud and Kramer, Weber and 
Moorthy, and modified Weber and Moorthy. In general, Mahmud 
and Kramer, Weber and Moorthy and modified Weber and Moorthy 
methods did not differ (18 of 131 significant differences). 
No significant comparisons were detected between the two 
narrow-sense heritability methods. 
Choice of method for estimating h^ on a single-plant 
basis is determined by the generations available and 
researcher preference. The breeder's choice is limited if 
only F1 and F2 data are available (Burton's Method) or if Fl 
and parental generations are available (Mahmud and Kramer's 
Method). The choice of methods if the Fl, F2, and parental 
single-plant data are available increases to any one of the 
four methods. Estimates may be different depending on 
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method choice, trait(s) of interest, and cross evaluated. 
Method choice for yield would significantly affect broad-
sense estimates in 42 of the 45 comparisons for older line 
crosses, and 21 of the 45 comparisons for newer line 
crosses. However, the choice of method would not alter the 
hy estimate for several of the other traits (kernel-row 
number, ear length, tassel-branch number, plant height, and 
ear height), depending on the cross. 
Warner (1952) argued that the use of parental lines as 
an estimate of the environment would over estimate the 
environmental variance because weaker plants tend to be more 
susceptible to environmental extremes. Likewise, F1 plants 
would tend to under estimate environmental variance because 
of hybrid vigor. Based on Warner's arguments, estimates of 
heritability calculated using Mahmud and Kramer's method 
should be smaller than those estimated by Burton's method. 
Results were in agreement for some to all crosses for 
kernel-row number, ear diameter, ear length, kernel depth, 
plant height, and ear height. All crosses had larger 
heritability estimates determined by the method of Mahmud 
and Kramer than by the method of Burton for yield and 
tassel-branch number, except for L289 x M14, L289 x Wf9, and 
B14A X B37 for tassel-branch number. Parental lines 
exhibited less variability on a single-plant basis than did 
the F1 for yield and tassel-branch number; however the 
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relation between measures of yield and variability would be 
greater for larger values (hybrid plant values) than for 
smaller values (inbred plant values). This reasoning could 
also be used to explain greater estimates from Mahmud and 
Kramer's method compared with Burton's method for plant and 
ear height. In both instances, measures for hybrid plants 
were greater than for inbred plants. 
The method used by Weber and Moorthy accounts for 
variability of inbred plants (PI and P2) and hybrid plants 
(Fl) in estimating environmental variance. Modification of 
this method was also included such that segregation of 
alleles at a locus in the F2 (laa;2Aa:lAA) was represented 
by the environmental variance (IPl;2F2: IP). There were no 
crosses for any of the eight traits evaluated wherein 
differences were detected between Weber and Moorthy 
(P1:F1:P2) and modified Weber and Moorthy methods. Either 
method would be appropriate for estimation of h using a 
combination of environmental variances from inbred and 
hybrid plants. 
Narrow-sense heritability estimates are of greater 
interest to a breeder than are broad-sense estimates. 
Narrow-sense heritability estimates are limited to the 
measure of genetic variation associated with the additive 
effects of alleles. The values of h^ varied greatly from 
trait to trait and cross to cross (h^ for yield ranged from 
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-0.852 for B73 X B77 to 0.493 for B77 X B79). Arnold and 
Josephson (1975) used Warner's method to estimate h^ for 
stalk crushing strength and rind thickness for six crosses 
involving four inbred lines. A range of estimates was 
reported for the crosses (from -0.28 to 0.53 for crushing 
strength and from 0.33 to 0.62 for rind thickness). Kim and 
Brewbaker (1977) found that h^ for resistance to common 
n 
rust, Puccinia sorghi, varied widely among crosses (-0.449 
for Mol7 X C123 to 0.976 for Oh545 X B37). 
Estimates did not vary between Warner and modified 
Warner's method. The modification of Warner's method was 
included to provide a comparison with the broad-sense 
methods, all of which used an estimate to account for 
environmental variance. Either method for estimating h^ 
would be appropriate. Warner's method, however, does not 
require an estimate of the environmental variance, nor does 
it require data on parental lines. 
Broad and narrow-sense heritability estimates and their 
standard errors averaged by an arithmetic pooling of mean 
squares over crosses for eras and all crosses are listed in 
Table 18. The estimated confidence intervals (CIE) are 
found in Table 19. No significant differences between 
broad- and narrow-sense heritability estimates were 
detected, due primarily to the wide confidence intervals 
associated with the estimates. No differences between 
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2 2 
Table 18. Broad-(h b)and narrow-(h n) sense heritability 
estimates and standard errors (SE) averaged over 
crosses for eras (New and Old) and ail crosses 
(Ail), determined by an arithmetic pooling of 
mean squares 
Modified 
Mahmud & Weber & Weber & 











New .130 .171 .598 .150 .482 .148 .411 .145 
Old .008 .183 .655 .153 .508 .150 .412 .147 
All .055 .178 .628 .152 .496 .149 .410 .146 
Kernel-row 
number 
New .371 .159 .360 .140 .378 .142 .349 .140 
Old .375 .159 .263 .137 .308 .140 .330 .140 
All .368 .159 ' .316 .138 .347 .141 .347 .141 
Ear diameter 
New .400 .158 .420 .142 .430 .144 .430 .144 
Old .500 .157 .375 .142 .438 .145 .500 .147 
All .462 .157 .308 .138 .431 .144 .469 .146 
Ear length 
New .373 .159 .390 .141 .390 .142 .384 .142 
Old .267 .163 .357 .140 .332 .141 .319 .141 
All .302 .161 .374 .140 .356 .142 .344 .141 
Kernel depth 
New .441 .157 .295 .138 .353 .141 .382 .142 
Old .348 .160 .139 .137 .283 .141 .261 .139 
All .375 .159 .200 .137 .300 .140 .300 .140 
Tassel-branch 
number 
New .391 .158 .692 .157 .585 .152 .580 .151 
Old .369 .159 .519 .146 .474 .146 .450 .145 
All .374 .159 .595 .151 .522 .148 .507 .147 
Plant height 
New .701 .161 .697 .157 .682 .157 .701 .157 
Old .569 .157 .588 .150 .591 .152 .588 .150 
All .634 .158 .642 .153 .634 .154 .642 .154 
Ear height 
New .582 .157 .568 .149 .575 .151 .575 .150 
Old .509 .157 .651 .154 .611 .153 .589 .151 
All .538 .157 .613 .151 .594 .152 .581 .150 
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Table 18. continued 
Modified 
Warner Warner 
Trait h 2 SE h 2 SE 
n n 
Yield 
New -.059 .372 -.062 .325 
Old -.005 .366 -.003 .336 
All -.033 .369 -.033 .331 
Kernel-row 
number 
New .143 .352 .149 .323 
Old .325 .340 .340 .319 
All .237 .346 .250 .320 
Ear diameter 
New -.200 .388 -.160 .341 
Old .313 .341 .375 .322 
All .077 .358 .123 .329 
Ear length 
New -.039 .369 .000 .324 
Old -.013 .367 .001 .337 
All -.031 .368 -.008 .332 
Kernel depth 
New -.059 .371 -.029 .329 
Old .370 .338 .391 .319 
All .175 .350 .175 .320 
Tassel-branch 
number 
New .529 .332 .621 .311 
Old .387 .337 .407 .321 
All .444 .334 .496 .315 
Plant height 
New .444 .335 .483 .305 
Old .364 .338 .343 .313 
All .407 .336 .414 .309 
Ear height 
New .370 .338 .363 .308 
Old .537 .332 .526 .315 
All .463 .334 .456 .311 
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Table 19. Estimated confidence intervals (CIE) for 
heritability estimates pooled over crosses for 
eras (New and Old) and all crosses (All), 
determined by a arithmetic pooling of mean 
squares 
Modified 
Hahmud & Weber Weber Modified 
Burton Kramer Moorthy Moorthy Warner Warner 
Trait +CIE ±CIE ±CIE ±CIE +CIE ±CIE 
Yield X jLexa
New .336 .295 .289 .284 .729 .637 
Old .359 .302 .294 .287 .717 .658 
All .348 .298 .292 .286 .723 . .648 
Kernel-row 
number 
New .311 .274 .278 .275 .691 .633 
Old .311 .269 .274 .275 . 666 .626 
All .311 .271 .276 .276 .677 .628 
Ear diameter 
New .310 .279 .283 .282 .758 .669 
Old .307 .277 .284 .289 . 668 .631 
All .308 .271 .283 .285 .702 .644 
Ear length 
New .311 .276 .279 .278 .724 .634 
Old .319 .274 .276 .275 .719 .660 
All .316 .275 .277 .276 .722 .650 
Kernel depth 
New .308 .270 .276 .278 .727 .644 
Old .313 .268 .276 .273 .662 .626 
All .311 .268 .275 .274 . 686 .627 
Tassel-branch 
number 
New .310 .307 .298 .296 .651 .610 
Old .311 .287 .286 .283 .661 .629 
All .311 .295 .291 .289 .655 .618 
Plant height 
New .315 .307 .308 .308 .656 .598 
Old .308 .294 .297 .295 .663 .614 
All .311 .300 .302 .301 .659 .605 
Ear height 
New .308 .292 .295 .293 .662 .603 
Old .307 .301 .300 .296 .651 .617 
All .307 .297 .298 .294 .654 .610 
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estimates for older and newer lines were detected. 
A decreasing trend for heritability was detected by all 
methods, except Burton, comparing older crosses with newer 
crosses. Weber and Moorthy and modified Weber and Moorthy 
methods determined the same trends in broad-sense estimates 
for all traits from older to newer era crosses. An increase 
in heritability for tassel-branch number from older to newer 
era crosses was detected for all methods. Narrow-sense 
estimates determined the same trends in estimates for all 
traits except ear length. 
Broad- and narrow-sense heritability estimates and 
their SB's averaged by a geometric pooling of generation 
variances over crosses for eras and all crosses are listed 
in Table 20. The estimated confidence intervals are found 
in Table 21. No significant differences between methods 
were found for kernel-row number, ear diameter, ear length, 
kernel depth, plant height, and ear height. 
Differences between methods were detected in the 
following pair-wise comparisons for yield: Burton vs Mahmud 
and Kramer for newer crosses, older crosses, and all 
crosses, Burton vs. Weber and Moorthy for older crosses and 
all crosses. Burton vs. modified Weber and Moorthy for all 
crosses, and for Mahmud and Kramer, Weber and Moorthy, and 
modified Weber and Moorthy vs. Warner and modified Warner 
for newer, older, and all crosses. Differences between 
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Table 20. Broad-(hj^) and narrow-(hj^) sense heritability 
estimates and standard errors (SE) averaged over 
crosses for eras (New and Old) and all crosses 
(All), determined by a geometric pooling of 
generation variances 
Modified 
Mahmud & Weber & Weber & 
Trait Burton Kramer Moorthy Moorthy 
< SE < SE SE h: SE 
Yield 
New .171 .168 .591 .150 .476 .147 .407 .144 
Old .010 .184 .649 .153 .500 .150 .412 .147 
All .085 .175 .621 .152 .488 .148 .401 .145 
Kernel-row 
number 
New .328 .160 .346 .139 .370 .142 .337 .140 
Old .380 .159 .231 .137 .285 .139 .311 .140 
All .354 .159 .291 .138 .330 .140 .324 .140 
Ear diameter 
New .302 .161 .467 .144 .434 .144 .434 .144 
Old .542 .157 .394 .141 .448 .144 .473 .145 
All .435 .157 .432 .142 .441 .144 .454 .144 
Ear length 
New .367 .159 .395 .141 .385 .142 .381 .142 
Old .323 .160 .404 .141 .379 .142 .365 .141 
All .347 .160 .399 .141 .383 .142 .374 .142 
Kernel depth 
New .438 .157 .285 .138 .336 .140 .366 .141 
Old .529 .157 .338 .139 .452 .145 .432 .143 
All .486 .157 .312 .138 .396 .142 .400 .142 
Tassel-branch 
number 
New .047 .178 .547 .148 .373 .143 .357 .144 
Old .380 .159 .511 .146 .470 .146 .449 .144 
All .232 .165 .528 .147 .423 .144 .404 .144 
Plant height 
New .755 .163 . 666 .155 .692 .158 .680 .156 
Old .594 .158 .576 .149 .582 .151 .585 .150 
All .685 .160 .624 .151 .641 .154 .635 .152 
Ear height 
New .585 .157 .565 .148 .659 .156 .575 .150 
Old .532 .157 .652 .154 .614 .153 .596 .151 
All .559 .157 .611 .151 .637 .155 .585 .150 
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Table 20. continued 
Modified 
Trait Warner Warner 
h 2 SE h 2 SE 
n n 
Yield 
New -.039 .370 -.038 .323 
Old -.000 .365 .017 .336 
All -.017 .367 -.008 .329 
Kernel-row 
number 
New .141 .353 .141 .323 
Old .295 .342 .303 .319 
All .218 .347 .220 .320 
Ear diameter 
New -.175 .384 -.110 .336 
Old .406 .336 .581 .325 
All -.004 .366 .085 .336 
Ear length 
New .174 .350 .212 .324 
Old .122 .354 .214 .327 
All .149 .352 .170 .325 
Kernel depth 
New .142 .370 .231 .327 
Old .756 .330 • .751 .316 
All .407 .336 .527 .315 
Tassel-branch 
number 
New -.278 .398 -.120 .337 
Old .384 .337 .393 .319 
All .089 .357 .153 .323 
Plant height 
New .608 .330 .609 .306 
Old .384 .337 .372 .313 
All .504 .332 .497 .308 
Ear height 
New .421 .335 .429 .310 
Old .552 .332 .499 .311 
All .488 .333 .463 .311 
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Table 21. Estimated confidence intervals (CIE) for 
heritability estimates pooled over crosses for 
eras (New and Old) and all crosses (All), 
determined by a geometric pooling of generation 
variances 
Modified 
Mahmud & Weber & Weber & Modified 
Burton Kramer Moorthy Moorthy Warner Warner 
Trait ±CIE ±CIE ±CIE ±CIE ±CIE ±CIE 
Yield x xa
New .329 .294 .294 .282 .725 .633 
Old .361 .300 .300 .288 .715 .659 
All .343 .298 .298 .284 .719 .645 
Kernel-row 
number 
New .314 .272 .272 .274 .692 .633 
Old .312 .269 .269 .274 .670 .625 
All .312 .270 .270 .274 .680 .627 
Ear diameter 
New .316 .282 .282 .282 .753 .659 
Old .308 .276 .276 .284 .659 .637 
All .308 .278 .278 .282 .717 .659 
Ear length 
New .312 .276 .276 .278 . 686 .635 
Old .314 .276 .276 .276 .694 .641 
All .314 .276 .278 .278 .690 .637 
Kernel depth 
New .308 .270 .270 .276 .725 .641 
Old .308 .272 .272 .280 .647 .619 
All .308 .270 .270 .278 .659 .617 
Tassel-branch 
number 
New .349 .290 .290 .282 .780 .661 
Old .312 .286 .286 .282 .661 .625 
All .323 .288 .288 .282 .670 .633 
Plant height 
New .319 .304 .304 .306 .647 .600 
Old .310 .292 .292 .294 .661 .613 
All .314 .296 .296 .298 .651 .604 
Ear height 
New .308 .290 .290 .294 .657 .608 
Old .308 .302 .302 .296 .651 .610 
All .308 .296 .296 .294 .653 .610 
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Mahmud and Kramer vs. Warner and modified Warner were 
detected for tassel-branch number for newer line crosses. 
No significant differences were detected between older 
and newer lines for heritability estimates, but differences 
for some traits were quite large. Narrow-sense heritabiltiy 
estimates for kernel depth, as determined by Warner's 
method, decrease from 0.756 to 0.142 comparing older lines 
with newer lines. 
A decreasing trend for heritabilty for yield was 
detected by all methods except Burton's comparing older era 
crosses with newer era crosses. All methods determined a 
decrease in estimates for kernel depth and an increase in 
estimates for plant height. Warner and modified Warner 
methods determined the same trends in heritability estimates 
from older to newer era crosses for all traits except ear 
length, where Warner's method determined an increase (0.122 
to 0.174), modified Warner's, a decrease (0.214 to 0.212). 
The same trends in estimates were determined by Weber and 
Moorthy and modified Weber and Moorthy's methods for all 
traits except ear height; Weber and Moorthy determined an 
increase (0.614 to 0.659), whereas modified Weber and 
Moorthy, a decrease (0.596 to 0.575). 
Broad- and narrow-sense heritability estimates averaged 
over crosses for eras and all crosses are listed in Table 
22. A decrease in heritability for yield and ear height was 
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Table 22. Broad-(l^) and narrow-(h ) sense heritability 
estimates and standard errors (SE) averaged over 
crosses for eras (New and Old) and all crosses 
(All) 
Modified 
Mahmud & Weber & Weber & Modified 
Burton Kramer Moorthy Moorthy Warner Warner 
Trait 
"b n n 
Yield 
New .053 .588 .471 .401 090 087 
Old .042 .643 .491 .416 "  .  016 — .  013 
All .148 .614 .481 .408 — • 053 — .  050 
Kernel-row 
number 
New .319 .337 .356 .331 • 093 . 098 
Old .368 .220 .227 .302 • 258 . 272 
All .344 .279 .317 .316 • 172 . 185 
Ear diameter 
New .377 .377 .394 .394 — . 272 239 
Old .435 .257 .355 .389 • 284 . 333 
All .406 .317 .375 .391 • 006 . 047 
Ear length 
New .353 .387 .378 .373 061 — .  019 
Old .299 .396 .372 .357 a 084 . 101 
All .326 .391 .375 .365 « 010 . 041 
Kernel depth 
New .408 .263 .316 .347 122 — .  108 
Old .291 .053 .204 .223 218 . 250 
All .350 .158 .260 .285 « 048 . 071 
Tassel-branch 
number 
New .386 .687 .581 .576 .404 .580 
Old .363 .504 .462 .439 .312 .662 
All .374 .594 .521 .508 .358 .456 
Plant height 
New .643 .649 .655 .654 .341 .348 
Old .531 .558 .556 .551 .181 .159 
All .587 .604 .605 .603 .261 .253 
Ear height 
New .540 .531 .538 .540 .165 .176 
Old .513 .644 .608 .589 .520 .514 
All .526 .589 .573 .564 .343 .345 
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determined by all methods except Burton's for yield (-0.042 
to 0.053) comparing older era crosses with newer era 
crosses. An increase in heritability for plant height was 
determined by all methods. Estimates of heritability of 
tassel-branch number increased from older to newer line 
crosses by all methods except modified Warner's. 
Weber and Moorthy and modified Weber and Moorthy 
methods determined the same trends in heritability estimates 
for all traits. Mahmud and Kramer also determined similar 
trends as Weber and Moorthy and modified Weber and Moorthy 
with the exception of ear length, determined to have 
decreased by Mahmud and Kramer, and increased by Weber and 
Moorthy and modified Weber and Moorthy. Warner and modified 
Warner methods detected similar trends in heritability 
estimates for all traits except tassel-branch number, which 
increased by Warner's method (0.312 to 0.404), and decreased 
by modified Warner (0.662 to 0.580). 
The three pooling procedures (arithmetic pooling of 
mean squares, geometric pooling of generation variances, and 
averaging of heritability estimates for the crosses) 
determined similar values for heritability estimates. 
Pooling procedures differed by as little as 0.017 (tassel-
branch number of older crosses) and as much as 0.344 
(tassel-branch number for newer crosses). 
Arithmetic pooling and averaging of narrow-sense 
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heritability estimates for tassel-branch number for newer 
line crosses determined by Warner and modified Warner 
methods were larger than those determined by geometric 
pooling. Arithmetic pooling and averaging of heritability 
estimates for ear length determined by Warner and modified 
Warner methods were smaller than estimates determined by 
geometric pooling. 
Although the three methods of pooling did not differ in 
estimates of average heritability for the groups of lines, 
the use of either an arithmatic or geometric pooling of 
components of variance allow for calculation of SE of 
estimates, whereas averaging of the estimates does not. 
Evaluating trends based on arithmetic pooling of mean 
squares, the ratio of additive genetic variance to 
phenotypic variance (h has decreased due to selection for 
yield, kernel-row number, ear diameter, ear length, kernel 
depth, and ear height. These changes, however, are not 
significant and indicate neither a gain or loss in genetic 
variance for the traits evaluated due to selection over 
time. 
Formulae for the broad-sense heritabilty estimates 
differed in estimation of the environmental component of 
variation. The percentage of total variance due to 
environmental variance for each cross is found in Appendices 
G1 througn G8. This percentage pooled over crosses for each 
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era and over all crosses is listed in Table 23. There is no 
means by which to calculate the exact amount of the total 
variation due to the environment which occurs on a plant-to-
plant basis in the F2. Comparisons of differences in 
magnitude between the methods were made. 
Averaged over all crosses, the methods differ greatly 
in the determination of the environmental component for 
yield (91.5% for Burton to 37.9% for Mahmud and Kramer), but 
did not vary much in the determination of the environmental 
component for ear diameter (56.8% for Mahmud and Kramer to 
54.6% for modified Weber and Moorthy). 
The geometric pooling of generation variances of the F1 
over the 15 older crosses had a larger plant-to-plant 
variation than did the pooling of the F2 over the 15 older 
crosses for yield. The environment, as determined by within 
plot variation of the F1 population, accounted for more than 
100% of the total variation. A negative heritabilty 
estimate was obtained in instances where the environmental 
component accounted for more than the total variation on 
individual cross data as well as pooled data. 
In general, the percentage of the total variance 
accounted for by the environment by Mahmud and Kramer, Weber 
and Moorthy, and modified Weber and Moorthy did not differ 
for each era and over all crosses. Burton's method 
estimated similar magnitudes of environmental variance to 
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Table 23. Percent of total variance due to environmental 
variance pooled over crosses for eras (New and 
Old) and all crosses (All) 
Modified 
Mahmud & Weber & Weber & 
Trait Burton Kramer Moorthy Moorthy 
Yield 
New 82.9 40.9 52.4 59.3 
Old 101.0 35.0 50.0 58.8 
All 91.5 37.9 51.2 59.3 
Kernel-row 
number 
New 67.2 65.4 63.0 66.3 
Old 62.0 76.9 71.5 68.9 
All 64.5 70.9 67.0 67.6 
Ear diameter 
New 68.8 53.3 56.6 56.6 
Old 45.7 60.6 55.2 52.7 
All 56.5 56.8 55.9 54.6 
Ear length 
New 63.3 60.5 61.5 61.9 
Old 67.7 59.6 62.1 63.5 
All 65.3 60.1 61.7 62.6 
Kernel depth 
New 56.2 71.5 66.4 63.4 
Old 47.1 66.2 54.8 56.8 
All 51.4 68.8 60.4 60.0 
Tassel-branch 
number 
New 95.3 45.3 62.7 55.1 
Old 62.0 48.9 53.0 64.3 
All 76.8 47.1 57.7 59.6 
Plant height 
New 24.5 33.4 30.8 32.0 
Old 40.6 42.4 41.8 41.5 
All 31.5 37.6 35.9 36.5 
Ear height 
New 41.5 43.5 34.1 42.5 
Old 46.8 34.8 38.6 40.4 
All 44.1 38.9 36.3 41.4 
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total variance as did Mahmud and Kramer, Weber and Moorthy, 
and modified Weber and Moorthy for kernel-row number, ear 
diameter, ear length, kernel depth, and plant height. 
Minimum Number of Genes 
Listings of significant in two-way comparisons of 
methods of estimating n for the eight traits evaluated are 
presented in Tables 24 through 31. Estimates were 
determined significantly different from each other if the 
estimates (Appendices CI through C8) were not included in 
the estimated confidence interval (CIE, Appendices D1 
through D8) of each other. Fifteen pair-wise comparisons 
were made for each of the 30 crosses. 
Three of the tables (Tables 29 through 31) present 
comparisons made between n computed on the basis of a 
modified log transformation (Wright, 1968) of the raw data. 
The estimates of n and CIE are found in Appendices El 
through E3 and F1 through F3, respectively. 
No significantly different comparisons between methods 
of determining n for any of the crosses were detected for 
yield, kernel-row number, or plant height. 
Ear diameter 
Estimated significant differences among Mahmud and 
Kramer vs. Warner and modified Warner were detected for ear 
diameter for the cross L289 x Wf9. Burton vs. Warner and 
modified Warner differed for the cross L317 x Wf9. Burton 
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Table 24. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 
genes affecting ear diameter 
Mahmud & 
Burton vs. Kramer vs. 
Cross M&K* W&M MW&M w MW W&M MW&M w MW 
Old 
L289 * L317 ns ns ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns * * 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns * * ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 * * * ns ns ns ns * ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns ns ns ns 
Wf9 * B37 * * ns * ns ns ns * ns 
B14A * B37 ns ns ns ns ns ns ns ns ns 
New 
37 3 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns ns ns ns 
B73 * B79 * * * ns ns ns ns * * 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 * ns ns ns ns * * ns ns 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 * ns ns * * ns ns * * 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns ns ns ns 
^Methods identification: M&K is Mahmud and Kramer, 
W&M is Weber and Moorthy, MW&M is modified Weber and 
Moorthy, W is Warner, and MW is modified Warner is this and 
the following seven tables. 
^Indicates significance at the 0.05 probability 
level. 
ns Indicates no significance. 
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Table 24. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 
cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns * * ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns * ns * ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns. ns ns ns ns ns 
Wf9 * B37 ns * ns * ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns 
B73 * B79 ns * * * * ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns * ns * ns 
B79 * B84 ns ns ns ns ns ns 
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VS. Malunud and Kramer, Weber and Moorthy, modified Weber 
and Moorthy, Mahmud and Kramer vs. Warner, Weber and 
Moorthy vs. Warner, and modified Weber and Moorthy vs. 
Warner differed for the cross M14 x Wf9. Significant 
differences were detected for comparisons of methods Burton 
vs. Mahmud and Kramer, Weber and Moorthy and Warner, for 
Mahmud and Kramer vs. Warner, for Weber and Moorthy vs. 
Warner, and for modified Weber and Moorthy vs. Warner for 
the cross Wf9 x B37. Significant differences were found for 
the Warner and modified Warner methods and Mahmud and 
Kramer, Weber and Moorthy, and modified Weber and Moorthy 
methods for the cross B73 x B79. Burton vs. Mahmud and 
Kramer, Weber and Moorthy, and modified Weber and Moorthy 
differed for the cross B75 x B79. Significant comparisons 
for the cross B75 x B84 were detected for Burton vs. Mahmud 
and Kramer and Mahmud and Kramer vs. Weber and Moorthy and 
Modified Weber and Moorthy. Significant differences for 
the Warner and modified Warner methods compared with the 
Burton and Mahmud and Kramer methods were found for the 
cross B77 X B79; the comparison between Burton vs. Mahmud 
and Kramer was significant for B77 x B79. Significant 
differences between modified Warner vs Weber and Moorthy 




Significant differences were detected between Warner 
and modified Warner methods and the remaining four methods 
for ear length for the crosses B14A x B37, B73 x B77, 
B75 X B77, B75 X B84, and B79 X B84. Significance between 
methods was also detected between Burton's method and 
Hahmud and Kramer's method in the cross L289 x B37. 
Kernel depth 
Many (124) comparisons among methods for estimating n 
for kernel depth were significantly different. Comparisons 
between Warner and modified Warner methods vs. the 
remaining four methods accounted for 85 percent of the 
significant comparisons (105 of 124). Four of the fifteen 
older crosses (L289 x L317, L317 x Wf9, Wf9 X B14A, and Wf9 
X B37) and six of the 15 newer crosses (B73 x B75, B73 x 
B77, B75 X B77, B76 X B77, B77 X B84, and B79 X B84) had 
significant differences in more than half of the two-way 
comparisons made for each cross. 
Tassel-branch number 
Significance was detected between Warner and modified 
Warner's methods vs. Mahmud and Kramer and Burton's method 
vs Mahmud and Kramer's method for the cross M14 x B37 for 
tassel-branch number. Differences between modified Warner 
vs Weber and Moorthy and modified Weber and Moorthy for the 
cross Wf9 X B37 were detected. Comparisons between Warner 
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Table 25. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 
genes affecting ear length 
Hahmud & 
Burton vs. Kramer vs. 
Cross M&K W&H MW&M W MW W&H MW&M W MW 
Old 
L289 * L317 ns ns ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 * ns ns ns ns ns ns ns ns 
L317 * H14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns lis ns 
M14 * B37 ns ns ns ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns * * ns ns * * 
New 
B73 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns * * ns ns * * 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns * * ns ns * * 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns * * ns ns * * 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns * * ns ns * * 
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Table 25. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 
Cross MW&M W MW W MW MW 
Old 
L2B9 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns * * * * ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns * * * * ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns * * * * ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns * * * * ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns * * * * ns 
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Table 26. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 
genes affecting kernel depth 
Cross H&K 
Burton vs. 








L289 * L317 ns ns ns ns * ns * * * 
L289 * M14 ns ns ns * * ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 * ns ns * * ns ns ns ns 
L317 * Wf9 ns ns ns * * ns ns * * 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 * ns ns ns ns ns * * * 
M14 * Wf9 * ns ns ns ns ns ns * * 
M14 * B14A * * ns * * ns ns ns ns 
M14 * B37 * * ns ns ns ns * * * 
Wf9 * B14A ns ns' ns * * ns ns * * 
Wf9 * 337 ns * ns * * * ns * * 
B14A * 337 ns ns ns ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns * * ns ns * * 
B73 * B76 ns ns ns ns ns ns ns ns ns 
373 * 377 ns ns ns * * ns ns * * 
373 * 379 ns ns ns ns ns ns ns ns ns 
373 * 384 ns ns ns * * ns ns * * 
375 * B76 ns ns ns * * ns ns * * 
375 * B77 ns ns ns * * ns ns * * 
375 * 379 ns ns ns ns ns ns ns ns ns 
375 * 384 * * * * * ns ns ns ns 
376 * 377 ns ns ns * * ns ns * * 
376 * 379 ns ns ns ns ns ns ns ns ns 
376 * B84 ns ns ns ns ns ns ns ns ns 
377 * B79 ns ns ns ns ns ns ns ns ns 
377 * B84 ns ns ns * * ns ns * * 
379 * B84 * ns ns * * ns ns * * 
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Table 26. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 * * * ns * * 
L289 * M14 ns * ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns * * * * ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns * * ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns * * * * ns 
Wf9 * B37 * ns ns * * ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns * * * * ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns * * * * ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns * * ns ns ns 
B75 * B76 ns * * ns ns ns 
B75 * B77 ns * * * * ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns * * * * ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns * * * * ns 
B79 * B84 ns * * * * ns 
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Table 27. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 
genes affecting tassel-branch number 
Mahmud & 
Burton vs. Kramer vs. 
Cross M&K W&M MW&M W MW W&M MW&M W MW 
Old 
L289 * L317 ns ns ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 ns ns ns * * ns ns * * 
Wf9 * B14A ns ns ns ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns ns * ns 
B75 * B79 ns ns ns ns * ns ns ns * 
B75 * B84 ns ns ns ns * ns ns ns ns 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns * * 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 * * ns * * ns ns ns ns 
B79 * B84 ns ns ns ns ns ns ns ns ns 
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Table 27. continued 
~ Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 




































































































































































































































VS. Mahmud and Kramer, Weber and Moorthy, and modified 
Weber and Moorthy vs. Warner were significant for the cross 
B75 X B77. Comparisons between Burton, Mahmud and Kramer, 
Weber and Moorthy, and modified Weber and Moorthy vs. 
modified Warner were significant for the cross B75 x B79. 
Burton vs. modified Warner was significant for the cross 
B75 X B84. Significant differences were detected for 
Mahmud and Kramer vs. Warner and modified Warner for the 
cross B76 X B79. Comparisons were significant for Burton 
vs. Mahmud and Kramer, Weber and Moorthy, and modified 
Weber and Moorthy for the cross B77 x B84. 
Ear height 
Differences between methods were detected for one 
older line cross, L289 x L317, in comparing Burton vs. 
Mahmud and Kramer and Warner for ear height. Differences 
between methods were found for Burton, Mahmud and Kramer, 
Weber and Moorthy, and modified Weber and Moorthy vs. 
Warner and modified Warner in the cross B73 x B79. 
Yield, transformed data 
Differences between methods were detected for yield 
for Burton, Mahmud and Kramer, Weber and Moorthy, and 
modified Weber and Moorthy vs. Warner and modified Warner 
for the crosses B73 x B75, B73 x B77, B73 x B79, and B76 x 
B84. Burton vs. Warner and modified Warner were 
significant comparisons in the cross L289 x Wf9 and L317 x 
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Table 28. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 
genes affecting ear height 
Mahmud & 
Burton vs. Kramer vs. 
Cross M&K W&H MW&M W MW W&H MW&M W MW 
Old 
L289 * L317 * ns ns * ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns ns ns ns 
B73 * B79 ns ns ns * * ns ns * * 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns ns ns ns 
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Table 28. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns 
B73 * B79 ns * * * * ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns 
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Table 29. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 












L289 * L317 ns ns ns ns ns ns ns ns ns 
L289 * M14 * * * * * * * ns ns 
L289 * Wf9 ns ns ns * * ns ns ns ns 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 ns ns ns * * ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns ns ns ns 
M14 * B37 ns ns ns * * ns ns * * 
Wf9 * B14A ns ns ns ns * ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns * * ns ns * * 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns * * ns ns * * 
B73 * B79 ns ns ns * * ns ns * * 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 * ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns ns ns ns 
B76 * B77 ns * * ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 * ns ns * * ns ns * * 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns ns ns ns 
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Table 29. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns * * ns 
L289 * M14 ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns ns ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns ns ns ns ns 
M14 * B37 ns * * * * ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns * * * * ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns * * * * ns 
B73 * B79 ns * * * * ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns * * * * ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns 
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M14. Modified Weber and Moorthy vs. Warner and modified 
Warner were significant comparisons for the cross L289 x 
L317. The comparisons Burton vs. Mahmud and Kramer, Weber 
and Moorthy, Warner and modified Warner, and Mahmud and 
Kramer vs Weber and Moorthy were significant for the cross 
L289 X M14. Burton vs. modified Warner was a significant 
comparison of methods for the cross Wf9 x B14A. Burton's 
method was also significantly different from Mahmud and 
Kramer's method in the cross B76 x B84. Three additional 
significant differences were detected among methods for 
newer lines: Burton-vs Mahmud and Kramer for B75 x B76, 
Burton vs. Weber and Moorthy and modified Weber and Moorthy 
for B76 X B77. 
Plant height, transformed data 
Many (121) significant comparisons between methods of 
determining n were detected for plant height calculated 
from transformed data. Ninety percent (109 of 121) of the 
significant comparisons involved comparisons between 
Burton, Mahmud and Kramer, Weber and Moorthy, and modified 
Weber and Moorthy methods vs. Warner and modified Warner 
methods. The remaining 12 significant comparisons 
appeared in the older line crosses; seven in crosses with 
L289 as a parent, and five in crosses with L317 as a 
parent. 
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Table 30. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 












L289 * L317 ns ns ns ns ns ns ns ns ns 
L289 * M14 ns ns ns ns ns ns ns ns ns 
L289 * Wf9 ns ns ns ns * ns ns ns * 
L289 * B14A * ns * * * * ns ns * 
L289 * B37 * * * * * ns ns ns ns 
L317 * M14 ns * * * * * * * * 
L317 * Wf9 ns * ns * * ns ns * * 
L317 * B14A ns ns ns ns ns ns ns * * 
L317 * B37 ns ns ns * * ns ns * * 
M14 * Wf9 ns ns ns * * ns ns * * 
M14 * B14A ns ns ns * * ns ns * * 
M14 * B37 ns ns ns ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns ns ns ns 
B73 * B77 ns ns ns * * ns ns * * 
B73 * B79 ns ns ns * * ns ns * * 
B73 * B84 ns ns ns * * ns ns * * 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns * * ns ns * * 
B76 * B77 ns ns ns * * ns ns * * 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns * * ns ns * * 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns * * ns ns * * 
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Table 30. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns ns ns ns ns ns 
L289 * M14 * ns ns ns ns ns 
L289 * Wf9 ns ns * ns * ns 
L289 * B14A ns ns * ns * ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns ns ns ns 
L317 * Wf9 ns * * * * ns 
L317 * B14A ns * * * * ns 
L317 * B37 ns * * * * ns 
M14 * Wf9 ns * * * * ns 
M14 * B14A ns * * * * ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns * * * * ns 
B73 * B79 ns * * * * ns 
B73 * B84 ns * * * * ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns ns ns ns ns ns 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns * * * * ns 
B76 * B77 ns * * * * ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns * * * * ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns * * * * ns 
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Ear height, transformed data 
Differences between Burton, Mahmud and Kramer, Weber 
and Moorthy, and modified Weber and Moorthy vs. Warner and 
modified Warner accounted for 46 of the 52 significant 
comparisons for methods of computing n for ear height from 
transformed data. Four of the six other significant 
comparisons were among methods in the cross L317 x M14; two 
significant comparisons were detected in Burton vs. Mahmud 
and Kramer and Weber and Moorthy for the Cross B73 x B77. 
The estimates of n based on transformed data for 
yield, plant height, and ear height had more significant 
comparisons between methods of calculation than 
non-transformed estimates due to the reduction in the 
standard errors (SE) and subsequent CIE of the estimates. 
Eight-five percent (196 of 230) of the significant 
comparisons detected over all eight traits (nontransformed 
data) involved comparisons between Warner and modified 
Warner methods vs. Burton, Mahmud and Kramer, Weber and 
Moorthy, and modified Weber and Moorthy methods. Forty 
percent of the significant comparisons occurred in older 
line crosses while 60% occurred in the newer line crosses. 
The greatest number of differences between methods 
occurred for kernel depth (124) and the least, for the 
yield and kernel-row number (0). 
Estimates of n would be expected to differ based on 
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Table 31. Listing of significance in two-way comparisons 
of methods of estimating the minimum number of 












L289 * L317 ns ns ns * * ns ns * * 
L289 * M14 ns ns ns * * ns ns * * 
L289 * Wf9 ns ns ns * * ns ns ns * 
L289 * B14A ns ns ns ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns ns ns ns 
L317 * M14 * * * * * ns * ns ns 
L317 * Wf9 ns ns ns ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns ns ns ns 
M14 * B14A ns ns ns * * ns ns * * 
M14 * B37 ns ns ns ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns ns ns ns 
B73 * B76 ns ns ns ns * ns ns ns ns 
B73 * B77 * * ns * * ns ns ns ns 
B73 * B79 ns ns ns ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns ns ns ns 
B75 * B77 ns ns ns * * ns ns * * 
B75 * B79 ns ns ns ns ns ns ns ns ns 
B75 * B84 ns ns ns ns * ns ns ns ns 
B76 * B77 ns ns ns ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns ns ns ns 
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Table 31. continued 
Modified 
Weber & Weber & 
Moorthy vs. Moorthy vs. Warner vs. 
Cross MW&M W MW W MW MW 
Old 
L289 * L317 ns * * * * ns 
L289 * M14 ns * * * * ns 
L289 * Wf9 ns * * * * ns 
L289 * B14A ns ns ns ns ns ns 
L289 * B37 ns ns ns ns ns ns 
L317 * M14 ns ns ns * * ns 
L317 * Wf9 ns ns ns ns ns ns 
L317 * B14A ns ns ns ns ns ns 
L317 * B37 ns ns ns ns ns ns 
M14 * Wf9 ns ns ns ns ns ns 
M14 * B14A ns ns * * * ns 
M14 * B37 ns ns ns ns ns ns 
Wf9 * B14A ns ns ns ns ns ns 
Wf9 * B37 ns ns ns ns ns ns 
B14A * B37 ns ns ns ns ns ns 
New 
B73 * B75 ns ns ns ns ns ns 
B73 * B76 ns ns ns ns ns ns 
B73 * B77 ns ns ns ns ns ns 
B73 * B79 ns ns ns ns ns ns 
B73 * B84 ns ns ns ns ns ns 
B75 * B76 ns ns ns ns ns ns 
B75 * B77 ns * * * * * 
B75 * B79 ns ns ns ns ns ns 
B75 * B84 ns ns ns ns ns ns 
B76 * B77 ns ns ns ns ns ns 
B76 * B79 ns ns ns ns ns ns 
B76 * B84 ns ns ns ns ns ns 
B77 * B79 ns ns ns ns ns ns 
B77 * B84 ns ns ns ns ns ns 
B79 * B84 ns ns ns ns ns ns 
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the presence of total genetic variance (Burton, Mahmud and 
Kramer, Weber and Moorthy and modified Weber and Moorthy, 
2 
or hj^ denominators) vs. additive genetic variance (Warner 
2 
and modified Warner, or h^ denominators) in the equation 
(SjZ). The larger SE, therefore wide range in CIE, 
s 
associated with the estimates was one of the reasons why 
2 2 
all comparisons between hg and h^ denominator did not 
differ between methods within crosses. 
It is apparent that the use of the Castle-Wright 
estimation of n is of little value when estimating the 
minimum number of factors affecting traits for crosses of 
elite by elite material. The method and basic assumptions 
are questionable (Lande, 1981, Zeng et al., 1990), as is 
the additional problem of using parents that do not 
necessarily vary in extremes for the trait of interest. A 
listing of the parental lines and the values for the traits 
evaluated is provided in Table 32. 
Extremes for the trait of interest were used by 
researchers using the Castle-Wright method, or variations 
of the methods (Castle, 1921, and Lande, 1981). Estimates 
of n for tassel-branch number were calculated for the F 
of two inbred lines selected from a set of 247 lines 
derived by single-ear descent from Iowa Stiff Stalk 
Synthetic (BSSS) (Mock and Schuetz, 1974). The two lines 
had values of 9.8 and 38.0 tassel-branches per plant. 
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Table 32. Mean values for eight traits evaluated for the 
inbred lines 
Kernel-row Ear Ear 
Yield number diameter length 
Inbred (q/ha) (cm) (cm) 
Old 
L289 32 12.1 3.5 14.0 
L317 19 13.3 3.4 14.7 
M14 32 14.9 3.7 12.9 
Wf9 41 15.5 4.1 12.1 
B14A 23 13.4 3.6 14.2 
B37 22 12.7 3.5 13.0 
New 
B73 39 16.9 4.2 12.0 
B75 34 13.3 3.8 11.7 
B76 39 13.2 4.1 13.3 
B77 35 13.2 3.5 13.9 
B79 33 16.6 4.0 11.2 
B84 46 14.7 4.1 13.9 
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Table 32. continued 
Kernel Tassel-branch Plant Ear 
Inbred depth number height height 
(cm) (cm) (cm) 
Old 
L289 5.4 16.7 184 93 
L317 4.8 12.6 195 113 
M14 6.2 6.6 138 58 
Wf9 8.4 13.7 158 69 
B14A 5.4 8.4 176 77 
B37 5.3 6.0 179 82 
New 
B73 7.1 6.7 193 93 
B75 7.6 2.0 163 73 
B76 7.1 7.4 165 79 
B77 6.1 11.1 185 81 
B79 6.3 15.6 156 79 
B84 7.7 15.0 167 87 
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Using the Castle-Wright formula, n for tassel-branch 
number for the F2 population of the cross between the two 
extreme lines was estimated as at least eight factors. 
Estimates of n, determined by Warner's method, 
greater than one were detected for specific crosses which 
varied in parental value. In all cases, crosses were 
between lines of different backgrounds. Estimates of n 
greater than one for kernel-row number ware detected for 
L289 X M14, Wf9 X B37, and B73 X B77, for ear diameter L317 
X Wf9 and Wf9 X B14A, for ear length L317 x Wf9, M14 x 
B14A, Wf9 X B14A, and B77 X B79, for kernel depth for all 
crosses with Wf9, B73 x B79, and B75 x B79, and for 
tassel-branch number, L289 x M14, B14A, and B37, L317 x 
M14, B73 X B79, B75 X B79, and B75 X B84. Inbred values 
for these traits were at or near the extremes of those 
listed in Table 32. 
Estimates of the minimum number of genes affecting 
eight traits averaged over eras and all crosses were 
determined by three procedures: An arithmetic pooling of 
mean squares, a geometric pooling of variance components, 
and an average of estimates greater than zero obtained for 
individual crosses. An estimate of zero was due to a lack 
of difference between the parental values, whereas a 
negative estimate was due to the environmental variance 
being greater than the total variance. 
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Estimates of less than one were obtained for n by the 
arithmetic pooling for older, newer, and all crosses for 
kernel-row number, ear diameter, ear length, and tassel-
branch number (Tables 33). Estimates of n for yield 
determined by Warner and modified Warner methods were 
negative in new, old, and all poolings; however, the range 
of the CIE (Table 34) for each includes positive estimates 
of n. All estimates of n for yield, plant height, and ear 
height were exceeded by their respective SE. Estimates of 
n for kernel depth among older lines ranged from 7.0 
determined by modified Warner's method to 2.3 for Mahmud 
and Kramer's method. 
Significant differences between older and newer line 
crosses for n were detected for kernel depth by Burton and 
modified Warner and for tassel-branch number by Mahmud and 
Kramer, Weber and Moorthy, and modified Weber and Moorthy. 
Trends from older line crosses to newer line crosses were 
decreasing for plant height, ear height, and kernel depth, 
increasing for tassel-branch number, and no detectable 
change for ear diameter. Burton and Warner methods 
determined an increase in n estimates from the older to the 
newer era, while Mahmud and Kramer, Weber and Moorthy, and 
modified Weber and Moorthy determined a decrease. There 
was a decrease in estimates of n for kernel-row number, 
except for the estimate from Weber and Moorthy's method 
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Table 33. Estimates of the minimum number of genes (n) 
and standard errors (SE) averaged over crosses 
for eras (New and Old) and all crosses (All) 
determined by an arithmetic pooling of mean 
squares 
Modified 
Mahund & Weber & Weber & 
Burton Kramer Moorthy Moorthy 
Trait n SE n SE n SE n SE 
Yield 
New 0.8 4.5 3.6 20.2 2.9 16.3 2.5 13.9 
Old -0.9 21.4 76.2 104.6 59.1 81.8 48.0 67.4 
All 2.5 9.6 28.3 60.4 22.3 47.8 18.5 39.8 
Kernel-row 
number 
New 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.1 
All 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ear diameter 
New 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
All 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ear length 
New 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.1 0.1 0.2 0.1 0.2 0.1 0.2 0.1 
All 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Kernel depth 
New 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Old 6.2 2.8 2.3 2.4 5.1 2.4 4.7 2.6 
All 1.5 0.6 0.8 0.5 1.2 0.5 1.2 0.6 
Tassel-branch 
number 
New 0.3 0.2 0.6 0.2 0.5 0.2 0.5 0.2 
Old 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 
All 0.2 0.1 0.3 0.2 0.2 0.2 0.2 0.2 
Plant height 
New 6.1 20.3 6.0 20.1 5.9 19.7 6.1 20.3 
Old 10.8 28.6 11.1 29.5 11.2 29.7 11.1 29.5 
All 8.4 24.7 8.5 25.0 8.4 24.7 8.5 25.0 
Ear height 
New 0.1 1.8 0.1 1.8 0.1 1.8 0.1 1.8 
Old 30.3 28.1 39.3 35.5 36.9 33.4 35.5 32.5 
All 7.4 13.2 8.4 15.0 8.2 14.5 8.0 14.3 
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Table 33. continued 
Modified 
Warner Warner 
Trait n SE n SE 
Yield 
New -0.3 2.5 -0.4 2.5 
Old —0.6 30.1 -0.3 26.3 
All —1. 5 12.1 -1.5 10.5 
Kernel-row 
number 
New 0.0 0.0 0.0 0.0 
Old 0.1 0.1 0.1 0.1 
All 0.0 0.0 0.0 0.0 
Ear diameter 
New 0.0 0.0 0.0 0.0 
Old 0.0 0.0 0.0 0.0 
All 0.0 0.0 0.0 0.0 
Ear length 
New 0.0 0.0 0.0 0.0 
Old 0.0 0.1 0.0 0.1 
All 0.0 0.0 0.0 0.0 
Kernel depth 
New 0.0 0.0 0.0 0.0 
Old 6.6 4.2 7.0 3.2 
All 0.7 1.0 0.7 0.8 
Tassel-branch 
number 
New 0.4 0.3 0.5 0.2 
Old 0.0 0.1 0.0 0.1 
All 0.2 0.2 0.2 0.2 
Plant height 
New 3.8 13.0 4.2 14.0 
Old 6.9 18.8 6.5 17.4 
All 5.4 16.1 5.5 16.2 
Ear height 
New 0.1 1.2 0.1 1.2 
Old 32.4 31.6 31.7 29.4 
All 6.4 11.7 6.3 11.3 
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Table 34. Estimated confidence intervals (CIE) for the 
minimum number of genes affecting eight traits 
averaged over eras (New and Old) and all crosses 
(All), determined by an arithmetic pooling of 
mean squares 
Modified 
Hahmud & Weber & Weber & Modified 
Burton Kramer Moorthy Moorthy Warner Warner 
Trait ±CIE ±CIE ±CIE ±CIE ±CIE ±CIE 
Yield 
New 8.9 39.7 32.0 27.3 5.0 4.9 
Old 41.9 205.1 160.4 132.0 59.0 51.4 
All 18.8 118.3 93.7 78.0 23.8 20.7 
Kernel-row 
number 
New 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.1 0.1 0.1 0.1 0.1 0.1 
All 0.0 0.0 0.0 0.0 0.0 0.0 
Ear diameter 
New 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.0 0.0 0.0 0.0 0.0 0.0 
All 0.0 0.0 0.0 0.0 0.0 0.0 
Ear length 
New 0.1 0.1 0.1 0.1 0.0 0.0 
Old 0.2 0.2 0.2 0.2 0.3 0.2 
All 0.1 0.0 0.1 0.1 0.1 0.0 
Kernel depth 
New 0.0 0.0 0.0 0.0 0.0 0.0 
Old 5.4 4.8 4.8 5.2 8.3 6.4 
All 1.2 1.0 1.0 1.1 1.9 1.5 
Tassel-branch 
number 
New 0.3 0.5 0.4 0.4 0.5 0.5 
Old 0.1 0.2 0.1 0.1 0.1 0.1 
All 0.2 0.3 0.3 0.3 0.3 0.3 
Plant height 
New 39.7 39.5 38.6 39.7 25.4 27.4 
Old 56.0 57.8 58.1 57.8 36.8 34.1 
All 48.5 49.0 48.4 49.0 31.6 31.8 
Ear height 
New 3.6 3.5 3.6 3.6 2.3 2.3 
Old 55.1 69.6 65.5 63.6 62.0 57.6 
All 25.9 29.3 28.5 28.0 22.9 22.1 
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Which detected no change from one era to the other. 
Estimates of n for ear length decreased from older to newer 
line crosses as determined by Burton, Mahmud and Kramer, 
Weber and Moorthy, and modified Weber and Moorthy methods. 
Estimates of less than one for n were obtained for 
older, newer, and all crosses averaged by a geometric 
pooling of variance components for kernel-row number, ear 
diameter, and tassel-branch number (Table 35). Negative 
estimates were determined by Warner and modified Warner 
methods for newer crosses and all crosses for yield and 
newer crosses for tassel-branch number; however, CIE (Table 
36) range for each included positive estimates. 
Estimates of n for ear length ranged from 0.8 to 2.7 
genes for older line crosses and from 0.4 to 0.8 genes for 
newer line crosses. Over methods, older lines ranged in n 
estimated for kernel depth from 7.7 to 17.2 genes. The 
number of genes determining plant height and ear height, 
averaged over all crosses, ranged according to methods of 
estimation from 6.3 to 8.7 and 6.2 to 8.6, respectively. 
Significant differences between older and new line 
crosses for n were detected for kernel depth for all 
methods and for tassel-branch number for Mahmud and Kramer. 
Trends from older to newer line crosses for n for traits 
decreased in most methods of estimation. Exceptions to the 
decreasing trend were detected for yield using Burton's 
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Table 35. Estimates of the minimum number of genes (n) 
and standard errors (SE) averaged over eras (New 
and Old) and all crosses (All), determined by a 
geometric pooling of variance components 
Modified 
Mahmud & Weber & Weber & 
Burton Kramer Moorthy Moorthy 
Trait n SE n SE n SE n SE 
Yield 
New 1.3 6.4 4.3 21.8 3.5 17.6 3.0 15.0 
Old -1.2 21.5 75.7 102.6 58.4 79.8 48.1 66.7 
All 4.6 12.9 33.6 64.6 26.4 51.0 22.2 43.1 
Kernel-row 
number 
New 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.0 
All 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ear diameter 
New 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
All 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ear length 
New 0.8 0.4 0.8 0.3 0.8 0.3 0.8 0.3 
Old 2.1 1.1 2.7 1.0 2.5 1.0 2.4 1.0 
All 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Kernel depth 
New 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Old 12.1 3.3 7.7 3.0 10.3 3.0 9.8 3.3 
All 2.1 0.6 1.3 0.6 1.7 0.6 1.7 0.6 
Tassel-branch 
number 
New 0.0 0.1 0.3 0.1 0.2 0.1 0.2 0.1 
Old 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 
All 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 
Plant height 
New 6.3 20.6 5.6 18.2 5.8 18.9 5.7 18.5 
Old 10.7 27.9 10.4 27.1 10.5 27.3 10.6 27.5 
All 8.7 24.9 7.9 22.7 8.2 23.3 8.1 23.1 
Ear height 
New 0.1 1.1 0.1 1.0 0.1 1.2 0.1 1.0 
Old 31.6 28.2 38.7 33.9 36.5 32.0 35.4 31.4 
All 7.5 13.1 8.2 14.2 8.6 14.9 7.9 13.7 
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Table 35. continued 
Modified 
Warner Warner 
Trait n SE n SE 
Yield • 
New -0.3 2.4 -0.3 2.1 
Old 0.0 30.1 1.9 26.5 
All -0.9 14.1 -0.4 11.9 
Kernel-row 
number 
New 0.0 0.0 0.0 0.0 
Old 0.1 0.1 0.1 0.1 
All 0.0 0.0 0.0 0.0 
Ear diameter 
New 0.0 0.0 0.0 0.0 
Old 0.0 0.0 0.0 0.0 
All 0.0 0.0 0.0 0.0 
Ear length 
New 0.4 0.5 0.5 0.4 
Old 0.8 1.7 0.8 1.3 
All 0.0 0.0 0.0 0.0 
Kernel depth 
New 0.0 0.0 0.0 0.0 
Old 17.2 4.9 17.1 3.1 
All 1.8 1.0 2.3 0.7 
Tassel-branch 
number 
New -0.1 0.1 -0.1 0.1 
Old 0.0 0.0 0.0 0.1 
All 0.0 0.1 0.0 0.1 
Plant height 
New 5.1 16.6 5.1 16.6 
Old 7.0 18.5 6.7 17.6 
All 6.4 18.5 6.3 18.1 
Ear height 
New 0.0 0.8 0.0 0.8 
Old 32.8 31.0 29.6 26.7 
All 6.6 11.7 6.2 10.9 
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Table 36. Estimated confidence intervals for the minimum 
number of genes affecting eight traits averaged 
over eras (New and Old) and all crosses (All), 
determined by a geometric pooling of variance 
components 
Modified 
Mahmud & Weber & Weber & Modified 
Trait Burton Kramer Moorthy Moorthy Warner Warner 
±CIE ±CIE ±CIE ±CIE ±CIE ±CIE 
Yield 
New 12.6 42.8 34.5 29.5 4.7 4.1 
Old 42.1 201.1 156.5 130.6 59.1 51.9 
All 25.3 126.6 100.0 84.4 27.7 23.4 
Kernel-row 
number 
New 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.1 0.1 0.0 0.1 0.1 0.1 
All 0.0 0.0 0.0 0.0 0.0 0.0 
Ear diameter 
New 0.0 0.0 0.0 0.0 0.0 0.0 
Old 0.0 0.0 0.0 0.0 0.0 0.0 
All 0.0 0.0 0.0 0.0 0.0 0.0 
Ear length 
New 0.7 0.6 0.6 0.7 1.0 0.8 
Old 2.1 1.9 1.9 2.0 3.3 2.6 
All 0.1 0.0 0.1 0.1 0.1 0.1 
Kernel depth 
New 0.0 0.0 0.0 0.0 0.0 0.0 
Old 6.4 5.9 5.9 6.5 9.6 6.1 
All 1.2 1.1 1.1 1.2 2.0 1.4 
Tassel-branch 
number 
New 0.2 0.2 0.2 0.2 0.3 0.2 
Old 0.1 0.1 0.1 0.1 0.1 0.1 
All 0.1 0.2 0.2 0.2 0.2 0.1 
Plant height 
New 40.3 35.6 37.0 36.3 32.6 32.5 
Old 54.7 53.0 53.6 53.9 36.2 34.5 
All 48.8 44.5 45.7 45.3 36.2 35.5 
Ear height 
New 2.1 2.0 2.3 2.0 1.5 1.5 
Old 55.2 66.4 62.8 61.5 60.7 52.3 
All 25.6 27.9 29.1 26.8 23.0 21.4 
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method, for tassel-branch number using Mahmud and Kramer, 
Weber and Moorthy, and modified Weber and Moorthy's 
methods, and for ear diameter using all methods. 
Small or no changes in magnitude were detected between 
methods for older, newer, and all line crosses pooled by an 
averaging of positive estimates of n for kernel-row number, 
ear diameter, ear length, tassel-branch number, and ear 
height (Table 37). Estimates of n were determined as 13.5 
genes using modified Warner's method and 58.7 genes using 
Mahmud and Kramer's method. The number of genes 
responsible for kernel depth over all crosses ranged from 
4.6 to 11.9 and for plant height, from 30.2 to 42.5. 
The transformation of the data, which decreased 
estimates of SE and CIE for yield, plant height, and ear 
height, affected the estimation of n in an inconsistent 
manner (Table 38). Averaged over all crosses, estimates 
increased for all methods for yield and ear height, and 
decreased for plant height when compared to estimates 
obtained from non-transformed data. 
A decrease in n for yield, plant height, and ear 
height was detected from older line crosses to newer line 
crosses for both nontransformed and transformed data for 
all methods with the exception of Burton's method for 
nontransformed data. In all but four instances, there was 
a decrease in n estimates for all traits over all methods 
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Table 37. Estimates of the minimum number of genes (n) 
affecting eight traits averaged over eras (New 
and Old) and all crosses (All) 
Modified 
Mahmud & Weber & Weber & Modified 
Burton Kramer Moorthy Moorthy Warner Warner 
Trait n n n n n n 
Yield 
New 17.3 55.9 44.0 36.8 8.1 8.2 
Old 17.3 61.5 47.0 40.4 21.4 18.7 
All 17.3 58.7 45.5 38.6 14.8 13.5 
Kernel-row 
number 
New 0.5 0.6 0.7 0.6 0.7 0.7 
Old 0.6 0.7 0.5 0.5 0.9 0.7 
All 0.6 0.7 0.6 0.6 0.9 0.7 
Ear diameter 
New 0.2 0.2 0.2 0.2 0.1 0.1 
Old 0.7 1.0 0.8 0.8 1.0 0.9 
All 0.5 0.6 0.5 0.5 0.6 0.5 
Ear length 
New 0.7 0.7 0.8 0.7 0.5 0.6 
Old 1.2 1.3 1.0 1.0 1.0 0.9 
All 1.0 1.0 0.9 0.9 0.8 0.8 
Kernel depth 
New 4.0 4.0 3.9 3.9 4.7 4.8 
Old 5.2 8.7 10.0 10.0 18.4 19.0 
All 4.6 6.4 7.0 7.0 11.6 11.9 
Tassel-branch 
number 
New 0.9 1.5 1.4 1.0 0.7 1.3 
Old 1.0 1.6 1.1 1.0 1.1 1.2 
All 1.0 1.6 1.3 1.0 0.9 1.3 
Plant height 
New 27.8 26.5 27.2 27.4 31.8 32.3 
Old 42.6 33.9 35.3 35.8 53.1 52.6 
All 35.2 30.2 31.3 31.6 42.5 42.5 
Ear height 
New 11.9 12.2 12.3 12.4 11.6 12.0 
Old 16.8 19.7 18.8 18.1 17.8 17.7 
All 14.4 15.9 15.6 15.3 14.7 14.9 
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Table 38. Estimates of the minimum number of genes (n) 
affecting yield, plant height, and ear height, 
as determined by transformed data, averaged 
over eras (New and Old) and all crosses (All) 
Modified 
Mahmud & Weber & Weber & Modified 
Burton Kramer Moorthy Moorthy Warner Warner 
Trait n n n n n n 
Yield 
New 34.1 12.3 22.7 32.2 17.4 32.1 
Old 142.8 89.3 81.7 92.2 165.7 181.6 
All 88.4 85.8 52.2 62.2 91.6 106.9 
Plant height 
New 9.2 7.6 8.3 8.6 4.7 4.7 
Old 29.3 19.2 27.4 . 21.0 32.7 34.8 
All 19.3 13.4 35.7 14.8 18.7 20.0 
Ear height 
New 13.9 9.6 10.2 12.7 12.6 12.6 
Old 43.1 34.3 39.7 40.6 23.8 21.6 
All 28.5 22.0 25.0 26.7 18.2 17.1 
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for kernel-row number, ear diameter, ear length, kernel 
depth, and tassel-branch number. Exceptions were an 
increase in n for kernel-row number by Weber and Moorthy 
and modified Weber and Moorthy, an increase in n for 
tassel-branch number by Weber and Moorthy and modified 
Warner, and no change in n for tassel-branch number by 
modified Weber and Moorthy. 
Methods of pooling estimates of n did not differ for 
all methods and all traits except Warner and modified 
Warner for kernel depth for older line crosses and modified 
Warner for tassel-branch number for newer line crosses. 
Estimates obtained by arithmetic pooling of mean squares 
and geometric pooling of variance components provided 
estimation of standard errors and confidence intervals, 
whereas an averaging of positive estimates over crosses 
did not. Either of the pooling methods would be suitable. 
However, if degrees of freedom for mean squares of 
individual crosses differ, an arithmetic pooling of mean 
squares, by sums of squares, would be necessary. 
Results indicate selection has decreased the number of 
factors affecting kernel depth. Warner's method determined 
a change in n from 6.6 factors for older line crosses to 0 
factors for newer line crosses based on an arithmetic 
pooling of mean squares. The low estimate of n for newer 
line crosses is primarily due to the uniformity of kernel 
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depth values for the parent lines. Estimates of n for 
tassel-branch number, although less than one, has increased 
due to selection where significant differences between era 
crosses were detected. 
Ill 
CONCLUSION 
Methods of estimating heritability on a single-plant 
basis differed in some instances, depending on the trait and 
specific cross. Most differences were detected between 
broad- and narrow-sense estimates, which would be expected 
due to the presence of non-additive genetic variance. 
Methods of estimating broad-sense heritability were not 
significantly different from each other in most comparisons; 
when significant differences did occur, however, they were 
most often between comparisons of Burton's method with 
Mahmud and Kramer, Weber and Moorthy, and modified Weber and 
Moorthy's methods. No changes in narrow-sense heritability 
estimates were detected comparing older line crosses with 
newer line crosses, indicating neither a gain or loss in 
additive genetic variance due to selection over time. 
Methods of estimating n, the minimum number of genes 
affecting a trait, differed depending on the trait and 
specific cross. Lack of significant comparisons among 
methods was due to, in part, the large confidence intervals 
associated with the estimates. Modified log transformations 
of the raw data for yield, plant height, and ear height 
decreased standard errors, but affected the estimates of n 
in an inconsistent manner. A significant loss in effective 
factors responsible for kernel depth due to selection over 
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time was detected by Warner's method (estimate of additive 
genetic variance in the denominator of the formula for n). 
No change in n was detected from older line crosses to newer 
line crosses for the remaining seven traits. 
A proposed advantage for the use of individual plant 
selection (requiring heritability estimates on a single 
plant basis) over progeny-row selection would be the use of 
marker-assisted selection (MAS). Lande and Thompson (1990) 
determined MAS could be efficient for traits with low 
heritability if a large proportion of the additive genetic 
variance was associated with markers. MAS is limited by the 
number of marker loci and the population size. The greater 
the effective number of quantitative trait loci (n), the 
larger a sample size would need to be for detection because 
the additive variance per locus decreases as Ne increases if 
heritability is considered constant and all loci have equal 
effects. 
Wright's formula, (and variations of Wright's formula), 
for estimating the minimum number of genes affecting a trait 
seems inappropriate for detecting n in an F2 population of 
an elite by elite cross. The requirements of parent 
extremes for the trait of interest (yield, for example) 
would not be practical in a commercial breeding program. 
Assumptions, such as exclusive additive genetic variance, 
are strict and errors are large. Standard errors calculated 
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for research presented were large, and according to a recent 
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Appendices A1 through A8 are listings of heritability 
estimates (h ) and their standard errors (SE) for the traits 




Hahnud & Weber & Weber & Modified 
Cross Burton Kramer Hoorthy Hoorthy Warner Warner 
h :  SE h  ^  SE h ^  SE h  ^  SE h  ^  SE h :  SE 
Old 
1289 • L317 -.108 .194 .630 .152 .466 .149 .358 .146 -.407 .416 -.401 .354 
L2B9 • M14 -.271 .213 .592 .150 .405 .148 .279 .146 -.080 .374 -.080 .360 
1289 • Uf9 -.168 .200 .664 .155 .492 .151 .374 .147 -.084 .374 -.074 .346 
L289 • B14A .089 .175 .599 .150 .474 .147 .397 .145 -.166 .384 -.162 .359 
L289 • 837 .046 .178 .668 .155 .528 .151 .438 .147 .219 .347 .224 .389 
L317 * H14 -.614 .259 .544 .147 .305 .149 .343 .150 -.189 .387 -.185 .339 
L317 • Wf9 -.118 .195 .651 .154 .485 .150 374 .147 .172 .353 .168 .350 
L317 * B14A .018 .181 .754 .161 .610 .156 .508 .151 .360 .339 .362 .327 
1317 • 837 .092 .175 .710 .158 .575 .153 .487 .149 .004 .366 .006 .345 
H14 • Wf9 -.111 .194 .629 .152 .466 .149 .358 .146 -.544 .440 -.534 .354 
H14 • B14A .204 .167 .725 .159 .606 .154 .532 .150 .324 .342 .326 .305 
M14 • 837 -.026 .185 .594 .150 .445 .147 .355 .145 .000 .366 .010 .326 
Uf9 • B14A .241 .164 .694 .159 .585 .153 .518 .149 .291 .347 .292 .339 
Wf9 • 837 -.373 .226 .512 .146 .311 .146 .328 .150 .327 .363 .322 .344 
B14A • 837 .464 .157 .676 .155 .618 .153 584 .151 -.462 .423 -.462 .345 
Hew 
873 * 875 .353 .159 .638 .153 .560 .150 515 ,148 -.237 .400 -.237 .370 
873 * 876 .317 .161 .555 .148 .488 .147 .448 .145 .043 .361 .043 .330 
873 • 877 .136 .171 .653 .154 .529 .150 .451 .147 -.852 .499 -.854 .365 
873 * 879 .364 .159 .646 .153 .570 .151 .527 .148 -.204 .391 -.201 .318 
873 • 884 -.078 .190 .461 .143 .322 .143 .240 .142 .151 .352 .155 .339 
875 • 876 -.035 .186 .493 .145 .358 .144 .275 .142 -.066 .373 -.061 .353 
875 * 877 .023 .180 .570 .149 .434 .146 .353 .144 -.495 .426 -.485 .378 
875 • 879 .530 .157 .575 .149 .471 .145 .409 .141 .143 .360 .147 .291 
875 • 884 -.087 .191 .569 .149 .411 .146 .314 .144 -.371 .410 -.368 .354 
876 * 877 -.038 .186 .627 .152 .474 .149 .379 .146 .248 .345 .256 .319 
876 * 879 .367 .159 .600 .151 .534 .149 .496 .146 .284 .346 .281 .298 
876 * 884 .025 .180 .580 .149 .445 .147 .356 .144 .003 .366 .006 .325 
877 • 879 .162 .169 .715 .158 .591 .153 .511 .149 .493 .335 .494 .305 
877 • 884 -.005 .183 .647 .153 .501 .150 .404 .146 -.086 .375 -.086 .331 
B79 • 884 .181 .168 .448 .143 .370 .142 .330 .141 -.400 .415 -.400 .345 
121 
A2. Kernel-row nunber 
Modified 
Hahnud & Weber & Weber & Modified 
Cross Burton Kramer Hoorthv Moorthv Warner Warner 
h: SE SE h: SE h: SE h: SE h: SE 
Old 
1289 * 1317 .136 .171 .036 .138 .105 .139 .114 .140 .000 .368 .037 .323 
L289 • M14 .367 .159 .293 .139 .320 .141 .330 .141 .033 .365 .060 .311 
L289 • Wf9 .419 .158 .430 .144 .426 .145 .426 .144 .651 .330 .700 .317 
L289 • B14A .417 .158 .204 .137 .283 .140 .317 .140 .167 .351 .179 .318 
L289 • B37 .517 .157 .183 .139 .314 .142 .372 .143 .103 .359 .148 .309 
L317 • H14 .444 .157 .322 .138 .367 .141 .387 .142 .311 .341 .311 .319 
L317 * Wf9 .415 .158 .334 .139 .362 .141 .375 .141 .264 .344 .270 .315 
L317 • B14A .267 .163 .083 .136 .150 .138 .180 .138 .300 .342 .300 .332 
L317 • B37 .563 .157 .290 .138 .396 .142 .442 .144 .500 .333 .502 .314 
H14 • Wf9 .197 .167 .392 .141 .333 .141 .302 .140 .377 .344 .382 .345 
H14 • B14A .194 .167 .071 .136 .113 .138 .135 .138 .355 .339 .361 .330 
H14 • B37 .270 .163 .032 .137 .122 .138 .160 .138 -.054 .371 -.051 .345 
Wf9 * 814A .353 .159 .018 .138 .144 .138 .203 .139 -.029 .372 -.015 .363 
Wf9 • 837 .439 .371 .140 .395 .142 .406 .142 .742 .329 .742 .321 
B14A • 837 .525 .157 .195 .137 .325 .140 .383 .142 .150 .354 .160 .307 
New 
873 • 875 .432 .157 .351 .139 .622 .155 .395 .132 .135 .353 .135 .317 
873 • 876 .389 .158 .422 .142 .411 .143 .406 .142 .667 .330 .669 .324 
873 • 877 .453 .157 .566 .149 .532 .148 .513 .147 .415 .336 .417 .306 
873 • 879 .250 .164 .330 .139 .413 .145 .290 .130 .075 .361 .075 .347 
873 • 884 .280 .162 .168 .136 .208 .138 .228 .139 -.760 .466 -.752 .405 
875 • 876 .185 .168 .230 .137 .215 .139 .207 .139 .037 .362 .041 .343 
875 * 877 .500 .157 .452 .143 .469 .145 .490 .146 .476 .333 .500 .310 
875 * 879 .375 .159 .330 .139 .345 .141 .353 .141 .425 .336 .426 .323 
875 • B84 .200 .167 .168 .136 .180 .138 .184 .139 -.480 .428 -.476 .352 
876 * 877 .138 .171 .314 .138 .259 .140 .231 .139 .241 .346 .245 .317 
876 • 879 .219 .166 .275 .138 .256 .139 .247 .139 .188 .350 .200 .314 
876 • 884 .355 .159 .419 .142 .400 .143 .387 .142 .258 .344 .258 .314 
877 • 879 .311 .161 .429 .142 .391 .143 .373 .142 -.289 .407 -.284 .391 
877 * 884 .500 .157 .378 .140 .422 .143 .444 .144 .000 .365 .006 .329 
879 * 884 .200 .167 .227 .137 .217 .139 .213 .139 .000 .367 017 .324 
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h SE SE h: SE h: SE h: SE h: SE 
Old 
1289 • 1317 .133 .171 .460 .144 .367 .143 .313 .142 .000 .372 .013 .309 
L2B9 • H14 .500 .157 .230 .137 .330 .141 .380 .142 .100 .356 .120 .328 
L289 • Wf9 .471 .157 .794 .164 .718 .160 .671 .156 .235 .346 .253 .318 
L289 • BUA .500 .158 -.225 .150 .088 .142 .213 .142 .625 .360 .663 .384 
L2B9 • B37 .667 .159 -.042 .148 .292 .147 .408 .148 .250 .345 .325 .328 
1317 « H14 .417 .158 .125 .136 .233 .138 .283 .139 -.250 .405 -.167 .392 
L317 • Wf9 .571 .157 .776 .163 .724 .161 .690 .157 .905 .333 .957 .324 
L317 • B14A -.077 .190 -.023 .138 -.038 .141 -.046 .143 .308 .342 .323 .330 
L317 • 837 .636 .158 .111 .138 .337 .142 .426 .144 .053 .360 .079 .329 
H14 • Wf9 .400 .158 .700 .158 .620 .154 .573 .151 .267 .344 .320 .323 
M14 • B14A .308 .161 .032 .137 .131 .138 .185 .139 .462 .343 .477 .303 
H14 * 837 .200 .167 -.610 .177 -.280 .156 -.130 .150 -.200 .390 -.140 .394 
Wf9 • 814A .971 .178 .832 .167 .906 .175 .929 .175 .912 .335 .929 .329 
Wf9 * 837 .053 .178 .621 .157 .484 .152 .400 .148 .000 .366 .253 .331 
B14A * 837 .773 .164 .073 .137 .418 .145 .541 .149 .591 .331 .595 .321 
New 
873 • 875 .545 .157 .182 .136 .391 .143 .390 .142 -.091 .376 -.091 .321 
873 • 876 .500 .157 .013 .137 .300 .141 .300 .140 -.250 .394 -.238 .339 
873 • 877 .200 .167 .270 .138 .240 .139 .240 .139 -1.10 .549 -1.10 .391 
873 * 879 .583 .157 .750 .162 .675 .158 .675 .157 .250 .345 .342 .319 
873 • 884 .000 .183 -.217 .145 -.100 .143 -.100 .144 -.833 .482 -.817 .406 
875 • 876 .375 .159 .013 .137 .213 .139 .212 .138 -.750 .464 -.750 .407 
875 * 877 .167 .169 .392 .141 .292 .140 .291 .141 -1. 0 .517 -.983 .489 
875 • 879 .687 .160 .813 .166 .756 .163 .756 .162 .500 .334 .569 .302 
875 * 884 .400 .158 .270 .138 .340 .141 .340 .141 .100 .158 .110 .341 
876 • 877 .500 .157 .458 .143 .483 .146 .483 .145 -.083 .378 -.075 .310 
876 • 879 .300 .161 .740 .161 .570 .152 .570 .152 .200 .351 .300 .305 
876 * 884 .286 .162 .071 .136 .186 .138 .185 .138 -.571 .438 -.571 .402 
B77 • 879 .455 .157 .782 .163 .655 ,156 .654 .156 -.273 .409 -.200 .392 
877 • 884 .364 .159 .455 .143 .409 .143 .409 .143 -.182 .388 -.182 .360 
879 • 884 .286 .162 .657 .156 .500 .148 .500 .148 .000 .367 .100 .315 
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h: SE SE h: SE h: SE h: SE h: SE 
Old 
L289 * L317 .110 .173 .509 .146 .401 .144 .339 .143 .220 .347 .238 .319 
1289 • H14 .470 .157 .361 .142 .400 .144 .418 .144 .024 .366 .077 .310 
1289 • Wf9 .380 .159 .532 .147 .486 .146 .462 .145 -.070 .372 -.068 .332 
L289 * B14A .295 .162 .408 .141 .372 .142 .354 .141 -.115 .378 -.107 .344 
1289 • B37 -.013 .184 .551 .148 .412 .146 .326 .143 .171 .350 .176 .329 
L317 • M14 .213 .166 .172 .137 .191 .139 .193 .139 .056 .361 .072 .323 
L317 * Wf9 .385 .158 .409 .141 .401 .143 .397 .142 .372 .338 .378 .311 
L317 • B14A .173 .168 .331 .139 .281 .140 .255 .140 -.013 .367 -.015 .345 
1317 • 837 .393 .158 .469 .144 .445 .144 .433 .144 .281 .343 .287 .323 
H14 • Wf9 .227 .165 .310 .140 .284 .141 .270 .140 -.182 .400 -.141 ,398 
M14 • B14A .529 .157 .454 .144 ,480 .146 .493 .146 .653 .331 .671 .324 
H14 • 837 .225 .165 .221 .138 .223 .140 .225 .140 .225 .347 .266 .337 
Uf9 • B14A .532 .157 .462 .143 .488 .146 .499 .146 .208 .352 .247 ,337 
Wf9 • 837 -.016 .184 .381 .140 .270 .141 .206 .141 -.190 .386 -.192 ,360 
B14A * 837 .582 .157 ,367 ,140 ,449 .144 .485 .145 -.373 .411 -.373 .335 
New 
873 • B75 ,479 .157 .485 .145 ,483 .146 .483 .145 -.583 .438 -.579 .374 
873 • 876 .395 .158 .344 ,140 ,363 .142 .370 .•141 .256 .344 .363 .319 
873 * 877 .327 .160 .437 .143 ,402 ,143 .385 .142 -.327 .405 -.127 .329 
873 • 879 .405 .158 .455 .143 ,438 ,144 .431 .143 -.095 .376 .264 .323 
873 * 804 .208 .166 .452 .143 .381 ,143 .342 .142 .563 .331 .625 .321 
B75 * 876 .544 .157 .418 .142 ,463 ,145 .484 .145 .193 .349 .151 .317 
875 * 877 .422 .158 .233 ,137 .302 .140 .336 .140 -.333 .403 -.382 .356 
875 • 879 .310 .161 .360 ,140 ,343 .141 .336 .141 -143 .355 .145 .308 
875 * 884 .229 .165 .356 ,139 ,317 ,140 .296 .140 -.896 .491 -.894 .401 
876 • 877 .000 .183 .141 ,136 ,096 ,139 .074 .140 -.217 .390 -.217 .346 
876 * 879 .277 .162 .345 .139 ,323 .141 .311 .140 .064 .359 .070 .327 
876 * 884 .508 .157 ,455 .143 ,474 ,145 .482 .145 .262 .344 .262 .316 
877 • 879 .486 .157 ,556 .148 ,533 .149 .522 .147 .333 .340 .340 ,314 
877 • 884 .250 .164 ,387 .140 ,343 .141 .322 .141 -.217 .389 -.215 ,354 
879 • 884 .457 .157 ,376 ,140 ,404 .142 .415 .143 -.109 .385 -.091 .304 
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AS. Kernel depth 
Hahtnud & Weber & 
Cross Burton Kramer Hoorthv 
Old 
1289 • L317 
L289 • M14 
1289 • Wf9 
L289 • B14A 
L289 • 837 
L317 • M14 
L317 * Wf9 
L317 • B14A 
L317 • B37 
M14 • Wf9 
H14 • B14A 
H14 • 837 
Uf9 • B14A 
Wf9 • 837 
814a * 837 
New 
873 • B75 
B73 « 876 
B73 * B77 
873 * 879 
873 * 884 
875 * 876 
875 * 877 
875 * 879 
875 * 884 
B76 * 877 
876 * 879 
876 * 884 
877 * 879 
877 « 884 








































































































































































































A6. Tassel-branch number 
Modified 
Hahmud S Weber & Weber & 
Cross Burton Kramer Hoorthv Hoorthv Warner 
Old 
L289 • L317 
L289 • H14 
L289 • Wf9 
L289 • BUA 
L289 • B37 
L317 • M14 
L317 • Wf9 
L317 • SUA 
L317 • 837 
H14 • Wf9 
M14 * B14A 
H14 * 837 
Uf9 • B14A 
Wf9 • B37 
B14A * 837 
New 
873 • B75 
B73 * 076 
873 • 877 
B73 * 879 
873 * B84 
875 • 876 
875 • 877 
875 • 879 
875 • 884 
876 * 877 
876 * 879 
876 * 884 
877 • 879 
877 • 884 

























































































































































































A7. Plant height 
Modified 
Hahmud & Weber & Weber & Modified 
Cross Burton Kramer Hoorthy Hoorthy Warner Warner 
h: SE h: SE h: SE h" SE hZ SE h: SE 
Old 
1289 * L317 .007 .183 .474 .144 .347 .143 .274 .142 -.409 .418 -.686 .364 
1289 * M14 .625 .158 .705 .157 .681 .157 .667 .155 1.23 .351 1.20 .344 
L289 • Wf9 .848 .169 .660 .154 .740 .161 .773 .162 1.02 .339 1.10 .332 
L289 * 014A .276 .162 .197 .138 .224 .139 .237 .139 -3.01 .908 -2.98 .836 
1289 * 837 .042 .187 .325 .140 .223 .141 .163 .141 .000 .366 -.096 .353 
1317 • M14 .789 .165 .624 .152 .689 .158 .717 .158 .252 .353 .252 .340 
1317 • Wf9 .735 .162 .619 .152 .661 .156 .684 .156 .548 .332 .552 .313 
1317 * B16A .659 .159 .608 .151 .627 .154 ,635 .153 .361 .339 .365 .315 
L317 • 837 .720 .162 .670 -155 .688 .158 .695 .157 -.011 .378 -.011 .361 
M14 • Wf9 .496 .157 .460 .143 .473 .145 .478 .145 -.156 .393 -.156 .301 
M14 • B14A .670 .160 .500 .145 .563 .150 .592 .151 .282 .344 .282 .322 
H14 • 837 .615 .158 .607 .151 .611 .153 .611 .152 .904 .334 .849 .323 
Uf9 * B14A .201 .167 .586 .150 .484 .147 .426 .145 .463 .336 .467 .330 
Wf9 • B37 .768 .164 .655 .154 .697 .158 .715 .158 .311 .341 .311 .300 
B14A * B37 .510 .157 .682 .156 .633 .154 .604 .152 .935 .334 .931 .327 
New 
B73 • B75 .788 .165 .778 .163 .782 .164 .785 .163 .747 .330 .750 .307 
B73 * 876 .818 .167 .782 .163 .795 .165 .802 .164 .789 .332 .792 .322 
873 • 877 .455 .157 .667 .155 .608 .153 .573 .150 .408 .337 .412 .302 
B73 * 879 .413 .158 .453 .144 .441 .145 .436 .144 .212 .348 .246 ,308 
B73 * B84 .536 .157 .686 .156 .643 .155 .618 .152 -.560 .435 -.560 ,379 
B75 • 876 .841 .168 .815 .165 .826 .168 .828 .166 1.19 .348 1.20 ,339 
B75 * 877 .702 .161 .624 .152 .653 .155 .665 .155 -.090 .379 -.090 .304 
875 • 879 .824 .167 .641 .158 .715 .159 .749 .161 .773 .330 .786 .312 
875 * 884 .693 .160 .728 .159 .716 .159 .712 .158 -.350 .406 -.346 .358 
876 • 877 .207 .166 .400 .141 .345 .142 .310 .141 -.297 .403 -.290 .331 
876 * 879 .856 .169 .712 .158 .772 .164 .795 .164 .663 .333 .669 .322 
876 • B84 .327 .160 .668 .155 .578 .152 .528 .148 -.121 .378 -.121 .325 
B77 * 879 .804 .166 .582 .149 .676 .158 .712 .158 .915 .333 .915 .320 
877 * 884 .688 .160 .656 .154 .668 .156 .672 .155 .571 .336 .575 .293 
879 * 884 .693 .160 .544 .148 .600 .152 .628 .153 .260 .344 .279 .311 
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A8. Ear height 
Hohtnud & 
Cross Burton Kramer 
Old 
1289 • 1289 
1289 * M14 
1289 * Uf9 
L289 * SUA 
L289 • B37 
1317 • M14 
1317 * Wf9 
1317 • B14A 
1317 * B37 
H14 • Wf9 
H14 • B14A 
H14 • 837 
Wf9 * B14A 
Wf9 * B37 
B14A * B37 
New 
B73 • B75 
B73 • B76 
873 * 877 
B73 • 879 
873 * 884 
B75 * 876 
875 • B77 
875 • 879 
B75 * 884 
876 • 877 
876 • 879 
B76 * 864 
B77 • 879 
877 • B84 . 











































































































































































459 .147 .382 .144 
,503 .147 .497 .146 
515 .148 .497 .146 
628 .154 .639 .153 
.515 .148 .497 .146 
.654 .155 .648 .154 
.678 .157 .673 .156 
.677 .157 .651 .154 
.697 .158 .675 .156 
.639 .155 .582 .152 
.579 .151 .579 .150 
.629 .154 .622 .152 
.657 .160 .617 .153 
.656 .155 .656 .154 
.632 .154 .618 .152 
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APPENDIX B 
CONFIDENCE INTERVALS FOR HERITABILITY ESTIMATES 
Appendices B1 through B8 are listings of estimated 
confidence intervals (CIE) for the heritability estimates 




Hahmud £ Weber & Weber & Modified 
Cross Burton Kramer Moorthy Moorthy Warner Warner 
Old 
L2S9 • 1317 0.383 0.301 0.294 0.289 0.823 0.700 
1289 • H14 0.422 0.297 0.293 0.289 0.741 0.712 
1289 • Wf9 0.396 0.306 0.299 0.292 0.740 0.685 
1289 • B14A 0.347 0.298 0.292 0.287 0.761 0.711 
1289 • 837 0,353 0.306 0.298 0.291 . 0.688 0.626 
1317 • H14 0.513 0.292 0.294 0.297 0.767 0.770 
1317 * Wf9 0.385 0.304 0.297 0.290 0.700 0.692 
1317 • B14A 0.358 0.318 0.308 0.298 0.670 0.647 
1317 • 837 0.347 0.312 0.303 0.294 0.725 0.682 
MU • Wf9 0.385 0.302 0.295 0.289 0.872 0.700 
M14 • B14A 0.330 0.314 0.305 0.297 0.677 0.604 
M14 • B37 0.366 0.297 0.291 0.286 0.725 0.646 
Wf9 • B14A 0.325 0.310 0.302 0.294 0.688 0.671 
Wf9 * 837 0.447 0.289 0.288 0.296 0.720 0.681 
B14A • 837 0.311 0.308 0.304 0.298 0.727 0.642 
New 
873 * 875 0.316 0.303 0.298 0.292 0.784 0.732 
873 • 876 0.318 0.293 0.290 0.286 0.715 0.654 
873 • 877 0.339 0.304 0.297 0.290 0.988 0.723 
873 • 879 0.313 0.304 0.300 0.293 0.775 0.629 
873 * 884 0.377 0.284 0.283 0.281 0.697 0.667 
875 • 876 0.368 0.287 0.284 0.282 0.738 0.700 
875 * 877 0.357 0.295 0,289 0.285 0.843 0.748 
875 * 879 0.311 0.295 0.286 0.279 0.713 0.576 
875 * 884 0.379 0.295 0.289 0.285 0.811 0.702 
876 * 877 0.369 0.301 0.294 0.288 0.684 0.632 
876 • 879 0.315 0.298 0.295 0.290 0.685 0.589 
876 • 884 0.357 0.296 0.290 0.285 0.724 0.645 
877 • 879 0.335 0.313 0.304 0.295 0.664 0.604 
877 * 884 0.362 0.304 0.296 0.289 0.742 0,655 
879 * 884 0.332 0.283 0.282 0.280 0.821 0.684 
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B2. Kernel- row number 
Modified 
Hahmud & Weber & Weber & Modifie 
Cross Burton Kramer Moorthy Hoorthy Warner Warner 
Old 
L289 • 1317 0.339 0.273 0.276 0.276 0.729 0.640 
L289 • H14 0.315 0.275 0.280 0.279 0.723 0.616 
L289 • Wf9 0.312 0.284 0.286 0.285 0.653 0.628 
L289 • B14A 0.312 0.272 0.277 0.277 0.694 0.630 
L289 • 837 0.310 0.275 0.281 0.282 0.712 0.611 
L317 • H14 0.311 0.274 0.280 0.280 0.675 0.632 
L317 • Wf9 0.312 0.275 0.280 0.280 0.682 0.623 
1317 • 814A 0.323 0.269 0.273 0.274 0.677 0.657 
L317 * 837 0.311 0.273 0.282 0.284 0.658 0.622 
M14 * Uf9 0.331 0.279 0.279 0.278 0.682 0.683 
H14 • B14A 0.331 0.270 0.273 0.274 0.672 0.654 
M14 • 837 0.322 0.270 0.273 0.274 0.734 0.683 
Uf9 • B14A 0.316 0.272 0.274 0.275 0.737 0.719 
Wf9 • 837 0.311 0.277 0.282 0.282 0.653 0.635 
B14A • 837 0.310 0.270 0.278 0.281 0.702 0.608 
New 
B73 * 875 0.312 0.276 0.307 0.281 0.699 0.627 
B73 * 876 0.313 0.281 0.283 0.282 0.654 0.641 
B73 * 877 0.311 0.294 0.294 0.291 0.665 0.606 
873 * 879 0.324 0.275 0.286 0.277 0.716 0.687 
873 * 884 0.321 0.270 0.274 0.274 0.922 0.801 
875 • 876 0.332 0.271 0.274 0.275 0.718 0.679 
875 * 877 0.310 0.283 0.287 0.288 0.660 0.615 
875 * 879 0.314 0.275 0.279 0.279 0.665 0.639 
875 • 884 0.330 0.270 0.274 0.274 0.847 0.697 
876 * 877 0.339 0.274 0.276 0.276 0.685 0.628 
876 * 879 0.328 0.273 0.276 0.276 0.694 0.621 
876 • 884 0.315 0.280 0.283 0.281 0.681 0.621 
877 • 879 0,319 0.281 0.282 0.281 0.807 0.773 
877 * 884 0.310 0.278 0.284 0.284 0.723 0.652 
879 • 884 0.330 0.271 0.275 0.275 0.726 0.641 
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83. Ear diameter 
Modified 
Hahmud S Weber & Weber & Modified 
Cross Burton Kramer Hoorthy Hoorthy Warner Warner 
Old 
1289 • L317 
L289 * H14 
1289 • Wf9 
1289 • BUA 
L289 • B37 
L317 * M14 
L317 • Wf9 
L317 • B14A 
1317 * B37 
H14 • Wf9 
H14 • B14A 
M14 * 837 
Wf9 * B14A 
Uf9 • 837 




























































































873 • 875 0.311 0.269 0.283 0.281 0.745 0.635 
073 * 876 0.310 0.271 0.279 0.277 0.780 0.670 
873 * 877 0.330 0.272 0.275 0.276 1.087 0.773 
873 * 879 0.312 0.320 0.312 0.310 0.683 0.632 
873 * B84 0.362 0,287 0.283 0.285 0.954 0.804 
875 * 876 0.314 0.271 0.275 0.274 0.919 0.806 
875 « B77 0.334 0.279 0.277 0.278 1.023 0.967 
875 • 879 0.317 0.329 0.323 0.320 0.661 0.597 
875 « 884 0.313 0.272 0.279 0.278 0.709 0.674 
876 * 877 0.310 0.284 0.289 0.288 0.747 0.613 
876 • 879 0.320 0.319 0.301 0.300 0.697 0.603 
876 B84 0.321 0.269 0.274 0.274 0.868 0.796 
877 « 879 0.311 0.324 0.309 0.308 0.811 0.776 
877 * 884 0.315 0.283 0.283 0.283 0.767 0.713 
879 « 884 0.321 0.308 0.294 0.294 0.727 0.624 
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84. Ear length 
Hodffied 
Hahmud & Weber & Weber & Modified 
Cross Burton Kramer Hoorthy Hoorthy Warner Warner 
Old 
L289 • L317 0.343 0.289 0.286 0.282 0.687 0.632 
1289 • H14 0.311 0.281 0.285 0.285 0.724 0.614 
L289 • Wf9 0.314 0.291 0.290 0.287 0.737 0.658 
L289 • B14A 0.320 0.280 0.281 0.280 0.748 0.682 
L289 • 837 0.364 0.293 0.288 0.284 0.693 0.651 
L317 • M14 0.328 0.271 0.274 0.275 0.714 0.640 
L317 * Wf9 0.314 0.280 0.283 0.282 0.669 0.615 
L317 • B14A 0.334 0.275 0.277 0.276 0.727 0.683 
L317 * 837 0.313 0.285 0.286 0.284 0.680 0.640 
H14 • Wf9 0.327 0.277 0.279 0.278 0.793 0.788 
H14 • 814A 0.311 0.284 0.289 0.289 0.655 0.642 
H14 * B37 0.327 0.274 0.277 0.277 0.687 0.667 
Uf9 * B14A 0.311 0.284 0.289 0.289 0.697 0.668 
Wf9 • 837 0.365 0.278 0.279 0.279 0.765 0.713 
814A • 837 0.312 0.277 0.286 0.287 0.815 0.663 
New 
873 • 875 0.311 0.286 0.289 0.288 0.868 0.742 
873 • 876 0.313 0.276 0.280 0.280 0.682 0.631 
873 • 877 0.317 0.283 0.284 0.282 0.803 0.651 
873 • 879 0.313 0.283 0.285 0.284 0.744 0.640 
873 • 884 0.329 0.283 0.283 0.280 0.655 0.636 
875 • 876 0,311 0.281 0.287 0.288 0.690 0.628 
875 * 877 0.312 0.271 0.276 0.278 0.799 0.704 
875 • 879 0.319 0.276 0.279 0.278 0.703 0.610 
875 • 884 0.329 0.276 0.278 0.277 0.971 0.795 
876 • 877 0.362 0.269 0.275 0.277 0.772 0.685 
876 • 879 0.322 0.276 0.278 0.278 0.711 0.648 
876 * 884 0.310 0.283 0.288 0.287 0.681 0.624 
877 * 879 0.311 0.293 0.294 0.292 0.673 0.622 
877 • 884 0.324 0.278 0.279 0.278 0.771 0.702 
879 • 884 0.311 0.278 0.282 0.282 0.762 0.601 
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85. Kernel depth 
Modified 
Mahnwd t Weber & Weber & Modified 
Cross Burton Kramer Moorthy Moorthy Warner Warner 
Old 
L289 • L317 0.336 0.283 0.283 0.270 0.754 0.672 
1289 • M14 0.311 0.274 0.281 0.282 0.707 0.655 
L289 * Wf9 0.317 0.280 0.282 0.281 0.691 0.634 
L289 * B14A 0.314 0.278 0.277 0.278 0.813 0.705 
L289 • 837 0.444 0.287 0.296 0.301 0.734 0.694 
L317 • H14 0.314 0.270 0.273 0.275 0.755 0.751 
L317 • Wf9 0.313 0.271 0.276 0.277 0.653 0.631 
L317 • 814A 0.436 0.280 0.292 0.300 0.718 0.703 
L317 • 837 0.312 0.274 0.279 0.283 0.661 0.609 
M14 * Wf9 0.314 0.272 0.273 0.275 0.658 0.645 
M14 • B14A 0.311 0.275 0.273 0.275 0.734 0.601 
M14 • 837 0.369 0.389 0.336 0.319 0.819 0.811 
Mf9 • B14A 0.322 0.291 0.303 0.306 0.673 0.668 
Wf9 • 837 0.346 0.277 0.320 0.278 0.669 0.627 
814* • 837 0.317 0.272 0.282 0.288 0.663 0.665 
New 
873 • 875 0.317 0.278 0.290 0.296 0.698 0.617 
873 • 876 0.313 0.270 0.273 0.275 0.703 0.653 
873 • 877 0.344 0.271 0.274 0.276 1.144 0.885 
873 * 879 0,311 0.276 0.284 0.284 0.657 0.624 
873 • 884 0.346 0.273 0.276 0.277 0.817 0.677 
875 * 876 0.311 0.270 0.277 0.278 0.739 0.640 
875 • 877 0.321 0.283 0.283 0.281 0.835 0.799 
875 • 879 0.316 0.286 0.296 0.298 0.656 0.608 
B75 * B84 0.311 0.278 0.285 0.286 0.690 0.632 
876 • 877 0.310 0.283 0.288 0.287 0.727 0.599 
876 * 879 0.319 0.270 0.273 0.278 0.709 0.630 
B76 * 884 0.340 0.270 0.274 0.275 0.821 0.746 
877 • 879 0.312 0.280 0.288 0.289 0.728 0.687 
877 * 884 0.311 0.281 0.284 0.286 0.799 0.709 
879 • 884 0.315 0.281 0.275 0.275 0.932 0.762 
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86. Tassel- branch number 
Modified 
Hahmud & Weber & Weber & Modified 
Cross Burton Kramer Moorthy Moorthy Warner Warner 
Old 
L289 • L317 0.329 0.279 0.280 0.279 0.663 0.610 
L289 • H14 0.311 0.289 0.294 0.293 0.676 0.646 
1289 • Uf9 0.313 0.275 0.280 0.280 0.653 0.627 
L289 • 814A 0.315 0.295 0.292 0.288 0.653 0.641 
L289 * 837 0.310 0.302 0.301 0.297 0.654 0.618 
L317 • M14 0.313 0.294 0.293 0.289 0.665 0.657 
L317 • Uf9 0.313 0.300 0.297 0.292 0.657 0.650 
L317 • B14A 0.333 0.298 0.293 0.287 0.727 0.729 
L317 • 837 0.312 0.300 0.298 0.293 0.689 0.659 
M14 • Wf9 0.328 0.286 0.284 0.281 0.709 0.640 
M14 • B14A 0.322 0.284 0.284 0.281 0.723 0.659 
MK * 837 0.329 0.276 0.278 0.277 0.746 0.677 
Wf9 • 814A 0.311 0.290 0.291 0.289 0.691 0.689 
Uf9 * B37 0.330 0.278 0.279 0.278 0.809 0.758 
B14A • 837 0.314 0.296 0.301 0.301 0.721 0.566 
New 
873 • 875 0.314 0.322 0.308 0.305 0.695 0.683 
873 * 876 0.312 0.314 0.290 0.307 0.653 0.626 
873 • B77 0.313 0.322 0.281 0.305 0.669 0.655 
873 • 879 0.313 0.324 0.316 0.307 0.665 0.646 
873 • 884 0.332 0.291 0.288 0.284 0.661 0.617 
875 • 876 0.318 0.315 0.307 0.299 0.674 0.596 
875 * 877 0.311 0.336 0.328 0.318 0.686 0.602 
875 « 879 0.311 0.333 0.325 0.316 0.670 0.690 
875 • 884 0.312 0.327 0.318 0.309 0.685 0.635 
876 • 877 0.314 0.299 0.296 0.308 0.714 0.584 
876 • 879 0.326 0.300 0.296 0.289 0.730 0.673 
876 • 884 0.320 0.285 0.284 0.282 0.747 0.698 
877 • 879 0.311 0.315 0.310 0.303 0.653 0.620 
877 • 884 0.312 0.296 0.294 0.290 0.671 0.605 
879 « 884 0.315 0.293 0.292 0.288 0.675 0.627 
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B7. Plant height 
Modified 
Hahmud & Weber & Weber t Modified 
Cross Burton Kramer Hoorthy Hoorthy Warner Warner 
Old 
1289 • L317 0.363 0.285 0.283 0.281 0.827 0.720 
1289 • H14 0.313 0.311 0.311 0.307 0.694 0.681 
1289 * Wf9 0.334 0.306 0.319 0.321 0.671 0.656 
1289 * 814A 0.322 0.272 0,275 0.276 1.798 1.655 
L289 • 837 0.370 0.277 0.279 0.280 0.724 0.699 
L317 • M14 0.327 0.301 0.312 0.313 0.700 0.674 
L317 • Wf9 0.321 0.300 0.308 0.309 0.657 0.620 
1317 • B14A 0.315 0.299 0.304 0.303 0.671 0.624 
L317 • 837 0.320 0.307 0.312 0.311 0.748 0.716 
M14 • Wf9 0.310 0.285 0.283 0.287 0.779 0.596 
M14 • B14A 0.316 0.288 0.297 0.298 0.681 0.638 
M14 • 837 0.313 0.299 0.302 0.300 0.661 0.640 
Wf9 • B14A 0.330 0.296 0.291 0.287 0.666 0.654 
Wf9 * 837 0.324 0.305 0.313 0.313 0.676 0.595 
B14A • 837 0.310 0.308 0.305 0.300 0.662 0.648 
New 
873 * B75 0.327 0.322 0.325 0.323 0.654 0.607 
073 • 876 0.330 0.322 0.327 0.326 0.657 0.637 
873 • 877 0.311 0.306 0.303 0.297 0.667 0.598 
873 • 879 0.312 0.285 0.286 0.285 0.690 0.610 
873 * 884 0.311 0.309 0,306 0.302 0.862 0.750 
875 * D76 0.333 0.327 0,332 0.330 0.690 0.671 
875 • 877 0.318 0.301 0.307 0.307 0.750 0.601 
875 * 879 0,331 0.303 0.316 0.318 0.654 0.618 
875 • 884 0.318 0.315 0.316 0.313 0.804 0.708 
876 • 877 0.329 0.230 0.280 0.279 0.798 0.654 
876 * 879 0.335 0.313 0.324 0.325 0.659 0.637 
876 • 884 0.317 0.306 0.300 0.294 0.749 0.644 
877 * 879 0.329 0.296 0.310 0.313 0.660 0.634 
877 • 884 0.317 0.305 0.309 0.308 0.665 0.581 
879 * 884 0.318 0.293 0.301 0.303 0.681 0.615 
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88. Ear height 
Modified 
Hahmud & Weber & Weber t Modified 
Cross 8urton Kramer Hoorthy Moorthy Warner Warner 
Old 
L2B9 • L317 0.347 0.297 0.291 0.286 0.657 0.637 
1289 • M14 0.311 0.291 0.292 0.290 0.654 0.620 
L289 • Wf9 0.311 0.293 0.293 0.290 0.671 0.615 
L289 • 814A 0.316 0.300 0.305 0.304 0.701 0.665 
L289 • 837 0.311 0.293 0.293 0.280 0.662 0.648 
L317 • H14 0.313 0.307 0.308 0.305 0.656 0.608 
1317 * Wf9 0.315 0.310 0.311 0.308 0.653 0.620 
U317 * B14A 0.311 0.313 0.311 0.306 0.692 0.642 
L317 * 837 0.312 0.316 0.313 0.308 0.668 0.659 
H14 • Uf9 0.318 0.317 0.308 0.300 0.656 0.645 
M14 • B14A 0.311 0.298 0.299 0.297 0.681 0.628 
M14 * 837 0.312 0.304 0.304 0.302 0.657 0.638 
Wf9 • 814A 0.311 0.315 0.309 0.303 0.684 0.656 
Uf9 * 837 0.314 0.307 0.308 0.306 0.656 0.596 
814A • 837 0.312 0.305 0.305 0.301 0.680 . .. 0.612 
New 
873 * 875 0.312 0.282 0.284 0.284 0.695 0.644 
873 • 876 0.316 0.299 0.305 0.303 0.655 0.623 
873 • 877 0.333 0.283 0.282 0.280 0.664 0.624 
873 • 879 0.331 0.269 0.273 0.274 0.820 0.725 
873 • 884 0.333 0.273 0.276 0.276 0.724 0.702 
875 * 876 0.332 0.321 0.327 0.326 0.680 0.661 
875 « 877 0.310 0.294 0.295 0.292 0.839 0.729 
875 • 879 0.314 0.309 0.310 0.307 0.654 0.624 
875 * 884 0.320 0.307 0.312 0.311 0.686 0.588 
876 • 877 0.323 0.312 0.317 0.315 0.654 0.632 
876 • 879 0.313 0.298 0.301 0.299 0.654 0.611 
876 • 884 0.311 0.293 0.293 0.290 0.859 0.710 
877 • 879 0.318 0.299 0.305 0.305 0.653 0.617 
877 • 884 0.319 0.308 0.312 0.311 0.702 0.702 
879 • 884 0.311 0.275 0.283 0.285 0.920 0.803 
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APPENDIX C 
MINIMUM NUMBER OF GENES ESTIMATES 
Appendices CI through C8 are listings of estimates of 
the minimum number of genes affecting a trait (n) and their 






1289 • L317 
1289 • M14 
L289 • Uf9 
L289 • BUA 
1289 * B37 
1317 • M14 
1317 • Uf9 
L317 • B14A 
1317 • 837 
M14 • Uf9 
H14 • B14A 
M14 • 837 
Wf9 • B14A 
Wf9 • 837 
B14A * 837 
Hew 
873 • 875 
873 " 876 
873 • 877 
873 * 879 
873 * 884 
875 * 876 
875 • 877 
875 • 879 
875 • 884 
876 • 877 
876 * 879 
876 • 884 
877 • 879 
877 • 884 








































































































































































































Appendix C2. Kernel-row number 
Modified 
Hahmud & Weber & Weber & Modified 
Cross Burton Kramer Moorthy Moorthy Warner Warner 
n SE n SE n SE n SE n SE n SE 
Old 
L289 • L317 
1289 • HU 
L289 • Wf9 
L289 * BUA 
L289 • B37 
1317 • HU 
L317 * Wf9 
L317 • BUA 
1317 * B37 
HU • Wf9 
HU • BUA 
HU • B37 
Uf9 • BUA 
Wf9 * B37 
BUA * 837 
New 
B73 * 875 
B73 • B76 
873 * 877 
B73 • B79 
873 * 884 
875 * 876 
875 « B77 
875 * 879 
875 • 884 
876 • 877 
876 * 879 
B76 • 884 
877 • 879 
877 • 884 






















































































































































































Appendix C3. Ear diameter 
Cross 
New 
L289 • L317 
L289 • M14 
L289 * Uf9 
L289 • BHA 
L289 * 837 
L317 * M14 
1317 • Wf9 
L317 • SUA 
L317 • B37 
H14 • UI9 
M14 • B14A 
H14 * 837 
Uf9 • B14A 
Wf9 • B37 
B14A * 837 
New 
873 * 875 
873 * 876 
873 • 877 
873 • 879 
873 * 884 
875 * 876 
875 * 87/ 
875 * 879 
875 • 864 
876 * 877 
876 • 879 
876 • 884 
877 • 879 
877 • 884 






















































































































































































































n SE n SE 
Old 
L289 • L317 0.1 0.1 0.3 0.2 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1 
1289 * M14 0.6 0.3 0.5 0.3 0.5 0.3 0.6 0.3 0.0 0.4 0.1 0.3 
L289 * Wf9 1.3 0.6 1.9 0.6 1.7 0.5 1.6 0.6 -0.2 0.9 -0.2 0.7 
L289 • SUA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 
L289 • B37 0.0 0.2 0.6 0.2 0.4 0.2 0.3 0.2 0.2 0.3 0.2 0.2 
L317 • M14 0.8 0.7 0.7 0.6 0.7 0.6 0.8 0.6 0.2 1.0 0.3 0.8 
1317 * Wf9 2.8 1.2 2.9 1.0 2.9 1.0 2.8 1.1 2.7 1.7 2.7 1.3 
L317 • B14A 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 -0.0 0.1 
L317 • B37 1.4 0.6 1.6 0.7 1.6 0.6 1.5 0.6 1.0 0.9 1.0 0.7 
M14 • Wf9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 -0.1 0.2 -0.1 0.2 
M14 • B14A 1.5 0.7 1.3 0.6 1.3 0.6 1.4 0.6 1.8 0.9 1.9 0.8 
H14 • 837 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Wf9 • B14A 2.5 0.0 2.1 0.7 2.2 0.7 2.3 0.8 1.0 1.2 1.1 0.9 
Wf9 * 837 0.0 0.1 0.3 0.1 0.2 0.1 0.1 0.1 -0.1 0.2 -0.1 0.2 




B73 * B75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
873 * 876 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.2 0.1 
B73 • 877 0.5 0.3 0.7 0.2 0.6 0.2 0.6 0.3 -0.5 0.4 -0.2 0.4 
873 * B79 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 
873 • 884 0.3 0.2 0.6 0.2 0.5 0.2 0.5 0.2 0.8 0.4 0.9 0.3 
B75 • 876 0.6 0.2 0.5 0.2 0.5 0.2 0.6 0.2 0.2 0.3 0.2 0.2 
B75 • 877 0.8 0.3 0.5 0.3 0.6 0.3 0.7 0.3 -0.7 0.6 -0.8 0.5 
875 * 879 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
875 • 884 0.5 0.4 0.8 0.3 0.7 0.3 0.6 0.3 -1.9 0.8 -1.9 0.7 
B76 * 877 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 
B76 • 879 0.5 0.3 0.6 0.3 0.6 0.3 O.S 0.3 0.1 0.4 0.1 0.4 
876 * 884 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
877 * 879 2.3 0.8 2.7 0.7 2.6 0.7 2.5 0.8 1.6 1.2 1.6 0.8 
B77 • B84 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
879 • 884 1.4 0.5 1.2 0.4 1.2 0.4 1.3 0.5 •0.3 0.8 -0.3 0.7 
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Appendix CS. Kernel depth 
Cross 
Old 
L289 • L317 
1289 • M14 
L289 * Uf9 
L289 • B14A 
L289 * B37 
1317 • M14 
L317 • Uf9 
1317 * B14A 
L317 • 837 
H14 • Uf9 
M14 • B14A 
H14 • B37 
Uf9 • B14A 
Uf9 • B37 
B14A • 837 
Hew 
B73 • B75 
B73 • 876 
B73 • 877 
873 • B79 
873 • 884 
875 * 876 
875 * 877 
875 * 879 
875 * 884 
876 • 877 
876 • 879 
876 * 884 
877 * 879 
877 * 884 












































































































2.0 0.4 1.1 0.4 1.4 0.4 1.6 0.4 0.4 0.7 0.4 0.5 
0.0 0.0 0.0 0.0 0.0 Ù.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.8 1.4 1.6 1.1 1.4 1.1 1.4 1.2 -10.5 2.9 -10.3 2.7 
4.3 1.2 2.9 1.1 3.5 1.1 3.6 1.2 4.3 1.8 4.7 1.2 







0.9 0.3 0.4 0.3 0.6 0.3 0.7 0.3 •0.1 0.5 -0.1 0.4 
6.7 3.7 10.3 3.0 9.1 3.1 8.5 3.4 •9,1 6,8 -9,1 5.7 
16.4 3.4 11.9 3.2 13.7 3.2 14.6 3.6 17.8 5,4 18.3 3.2 
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.1 1.5 4.6 1.4 4.9 1.4 4.9 1.5 0.3 2.7 0.3 2.0 
1.7 0.9 1.0 0.8 1.2 0.8 1.4 0.8 0.5 1.4 0.5 1.2 
0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3 -1.0 0.7 -1.0 0.6 
0.3 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.0 0.1 0.0 0.1 
10.4 3.4 9.7 3.0 9.7 3.0 10.4 3.3 -7.6 6.4 •8.3 5.2 
4.2 1.8 •1.6 1.6 0.5 1.6 1.6 1.7 -9.0 3.7 -7.4 3.3 
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L289 * 1317 0.2 0.2 0.4 0.3 0.4 0.3 0.3 0.3 0.7 0.5 0.7 0.5 
1289 * M14 2.7 0.9 2.5 0.8 2.5 0.9 2.6 0.9 1.6 1.2 1.7 0.9 
L289 • Wf9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 
1289 • 814A 1.1 0.6 1.7 0.6 1.5 0.6 1.5 0.6 2.4 0.9 2.5 0.8 
L289 • B37 3.5 1.2 4.3 1.3 4.1 1.3 3.9 1.3 4.2 1.8 4.3 1.4 
L317 • H14 0.8 0.4 1.1 0.5 1.0 0.5 1.0 0.5 1.0 0.6 1.1 0.6 
1317 • Wf9 0.0 0.1 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.0 0.2 
L317 * B14A 0.2 0.2 0.5 0.3 0.4 0.3 0.4 0.3 0.1 0.2 0.2 0.2 
1317 • 837 1.1 0.6 1.6 0.7 1.5 0.6 1.4 0.6 0.7 0.7 0.7 0.6 
H14 • Wf9 0.5 0.4 1.1 0.5 0.9 0.4 0.8 0.4 0.2 0.6 0.2 0.5 
H14 • B14A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
M14 • 837 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Uf9 * B14A 0.6 0.3 0.6 0.3 0.6 0.3 0.6 0.3 0.4 0.3 0.5 0.3 
Wf9 * 837 0.4 0.4 0.7 0.4 0.6 0.3 0.6 0.4 -0.7 0.6 -0.7 0.6 
814A • 837 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 
New 
873 • 875 0.1 0.0 0.2 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1 
873 * 876 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
873 * 877 0.3 0.1 0.5 0.2 0.3 0.1 0.4 0.2 0.7 0.3 0.7 0.3 
873 • 879 1.5 0.6 2.9 0.3 2.6 0.8 2.3 0.8 3.5 1.1 3.6 1.0 
873 * 884 0.3 0.3 0.8 0.3 0.7 0.3 0.6 0.3 0.8 0.4 0.9 0.4 
875 * 876 0.1 0.0 0.2 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1 
875 • 877 1.0 0.3 1.7 0.4 1.6 0.4 1.5 0.4 0.6 0.5 1.2 0.4 
875 * 879 2.3 0.8 4.0 0.8 3.7 0.8 3.4 0.8 4.4 1.2 6.0 1.0 
875 * 884 1.6 0.6 3.0 0.7 2.7 0.7 2.5 0.7 2.0 1.0 3.6 0.9 
876 • 877 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 
876 • 879 0.4 0.3 1.0 0.3 0.8 0.3 0.7 0.3 0.0 0.4 0.0 0.3 
876 * 884 0.3 0.2 0.4 0.2 0.4 0.2 0.4 0.2 -0.1 0.3 0.0 0.2 
877 • 879 0.3 0.2 0.5 0.3 0.5 0.3 0.4 0.3 0.4 0.3 0.4 0.3 
877 * 884 0.3 0.2 0.4 0.2 0.4 0.2 0.3 0.2 0.2 0.2 0.3 0.2 
879 * 884 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix C7. Plant height 
Modified 
Hahmud S Weber & Weber & Modified 
Cross Burton Kramer Hoorthy Moorthy Warner Warner 
n SE n SE n SE n SE n SE n SE 
Old 
1289 • 1317 
1289 • M14 
L289 • Wf9 
1289 • B14 
L289 • 837 
L317 • M14 
L317 • Wf9 
L317 • B14A 
1317 • 837 
N14 * Wf9 
H14 * B14A 
M14 • 837 
Wf9 • 814A 
Uf9 * B37 
B14A * 837 
New 
873 * 875 
873 • 876 
873 • 877 
873 * 879 
873 • 884 
875 * 876 
875 • 877 
875 • 879 
875 • 884 
876 * 877 
876 • 879 
876 * 884 
877 • 879 
877 * 884 

























































































































































































1289 • 1317 
1289 * M14 
L289 • Uf9 
L289 * SUA 
L289 * 837 
L317 • N14 
L317 • Uf9 
L317 • B14A 
1317 • B37 
M14 • Wf9 
M14 • 814A 
H14 • 837 
Wf9 • B14A 
Uf9 • 837 
814A • 837 
New 
873 • 875 
873 • 876 
873 • 877 
873 • 879 
873 • 884 
875 • 876 
875 • 877 
875 • 879 
875 * 884 
876 • 877 
876 • 879 
876 * 884 
877 * 879 
877 • 884 









































































































































































































CONFIDENCE INTERVALS FOR MINIMUM NUMBER OF GENES ESTIMATES 
Appendices D1 through D8 are listings of estimated 
confidence intervals (CIE) for the the minimum number of 
genes affecting a trait for the traits evaluated for each 
cross. 
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Appendix 01. Yield 
Modified 
Mahmud & Weber t Weber & Modified 
Cross Burton Kramer Hoorthy Moorthy Warner Warner 
Old 
1289 • 1317 1.9 10.9 8.1 6.2 7.1 7.0 
1289 • M14 37.3 75.6 52.2 36.7 21.0 20.3 
L289 • Wf9 18.0 69.2 51.3 39.1 10.5 9.4 
1289 • B14A 19.7 94.0 74.5 63.0 33.7 31.4 
L289 • 837 76.0 282.1 226.1 191.3 135.8 125.8 
L317 * M14 92.6 80.7 46.4 24.3 36.1 36.8 
L317 • Wf9 10.4 55.9 41.7 32.2 15.2 14.7 
L317 * B14A 32.6 246.2 199.7 167.2 124.4 122.8 
L317 • 837 114.0 416.1 340.3 292.9 149.9 126.6 
M14 • Wf9 51.4 188.8 141.3 110.4 173.2 168.7 
H14 * B14A 0.0 0.0 0.0 0.0 0.0 0.0 
M14 • 837 15.8 98.2 74.1 59.6 0.0 18.8 
Uf9 • B14A 112.7 299.1 253.1 225.2 141.9 136.0 
Wf9 • B37 219.6 264.1 171.8 181.0 138.5 210.9 
B14A • 837 116.0 168.0 153.6 145.4 119.2 117.5 
New 
873 • B75 66.9 118.1 103.9 96.0 51.8 49,2 
873 * 876 0.0 0.0 0.0 0.0 0.0 0,0 
873 • 877 30.1 129.3 105.0 89.8 170.2 170,3 
873 * 879 104.5 181.0 160.0 148.5 73.6 67.6 
873 * 884 33.4 100.4 71.7 55.9 49.9 47.4 
875 • 876 13.6 61.6 45.2 35.5 20.0 17.9 
875 • 877 1.1 20.4 15.6 12.7 17,8 17.5 
875 • 879 . 18.5 20.1 16.5 14.3 5,1 5.2 
875 • 884 105.7 243.2 183.2 149.6 212.6 203.2 
876 • 877 14.8 108.6 82.5 66.2 46.2 46,7 
876 * 879 88.3 140.9 125.8 117.2 74.9 70.5 
876 * 884 34.5 151.3 117.2 96.5 48.7 42.2 
877 • 879 21.9 94.6 78.3 67.8 65.5 65,6 
877 • 884 115.6 388.3 306.0 253.7 174.5 155,1 
879 • 884 120.5 205.0 174.9 162.3 233.3 219,2 
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1289 • L317 
L289 • MH 
L289 * Wf9 
L289 • B14A 
L289 • B37 
L317 • M14 
1317 • Wf9 
L317 • B14A 
1317 • 837 
M14 • Wf9 
H14 • B14A 
M14 • B37 
Wf9 • B14A 
Uf9 • 837 
B14A • 837 
0.1 
0.5 

























































































873 • 875 0,7 
873 • 876 0.7 
873 * 877 1.0 
873 * 879 0.0 
873 * 884 0.2 
875 • 876 0.0 
875 • 877 0.0 
875 * 879 0.6 
875 * 884 0.1 
876 * 877 0.0 
876 • 879 0.5 
876 * 884 0.1 
877 • 879 0.7 
877 * 884 0.1 



























































































L289 • L317 0.0 0.0 0.0 0.0 0.0 0.0 
L289 • M14 0.0 0.0 0.0 0.0 0.0 0.0 
L289 * Wf9 0.4 0.3 0.3 0.4 0.6 0.4 
L289 • B14A 0.0 0.0 0.0 0.0 0.0 0.0 
L289 * B37 0.0 0.0 0.0 0.0 0.0 0.0 
L317 • H14 0.1 0.1 0.1 0.1 0.1 0.1 
L317 * Wf9 0.6 0.6 0.6 0.6 0.9 0.5 
1317 • B14A 0.0 0.0 0.0 0.0 0.1 0.0 
L317 • 837 0.0 0.0 0.0 0.0 0.0 0.0 
M14 • Uf9 0.1 0.1 0.1 0.1 0.2 0.2 
H14 • B14A 0.0 0.0 0.0 0.0 0.0 0.0 
H14 • 837 0.0 0.0 0.0 0.0 0.0 0.0 
Wf9 * B14A 0.5 0.5 0.5 0.6 0.8 0.4 
Wf9 • 837 0.5 0.4 0.4 0.4 0.0 0.6 
B14A • 837 0.0 0.0 0.0 0.0 0.0 0.0 
New 
873 * 875 0.1 0.1 0.1 0.1 0.2 0.1 
873 • 876 0.0 0.0 0.0 0.0 0.0 0,0 
873 * 877 0.3 0.2 0.2 0.2 0.6 0.6 
873 • 879 0.0 0.0 0.0 0.0 0.0 0.0 
873 • 884 0.0 0.0 0.0 0.0 0.0 0.0 
875 * 876 0.0 0.0 0.0 0.0 0.1 0.1 
875 * 877 0.1 0.1 0.1 0.1 0.1 0.1 
875 * 879 0.0 0.0 0.0 0.0 0.1 0.0 
875 • 884 0.0 0.0 0.0 0.0 0.1 0.1 
876 • 877 0.2 0.2 0.2 0.2 0.4 0.3 
876 • 879 0.0 0.0 0.0 0.0 0.0 0.0 
876 * 884 0.0 0.0 0.0 0.0 0.0 0.0 
877 • 879 0.1 0.1 0.1 0.1 0.3 0.2 
877 * 884 0.2 0.2 0.2 0.2 0.4 0.3 
879 • 884 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix 04. Ear length 
Modified 
Mahnud & Weber & Ueber & Modified 
Cross Burton Kramer Moorthy Moorthy Uarne Warner 
Old 
1289 • L317 0.2 0.3 0.3 0.2 0.3 0.3 
L289 • M14 0.6 0.5 0.6 0.6 0.7 0.6 
L289 * Wf9 1.1 1.1 1.1 1.1 1.8 1.4 
L289 • B14A 0.0 0.0 0.0 0.0 0.0 0.0 
L289 • B37 0.4 0.5 0.4 0.4 0.5 0.5 
L317 • M14 1.3 1.1 1.1 1.2 2.0 1.7 
L317 • Wf9 2.3 2.1 2.1 2.2 3.4 2.6 
L317 • B14A 0.1 0.1 0.1 0.1 0.1 0.1 
L317 • B37 1.2 1.2 1.1 1.2 1.7 1.3 
M14 • Wf9 0.3 0.3 0.3 0.3 0.5 0.4 
M14 • B14A 1.3 1.2 1.2 1.3 1.8 1.5 
M14 • B37 0.0 0.0 0.0 0.0 0.0 0.0 
Wf9 * B14A 1.5 1.4 1.4 1.5 2.3 1.7 
Wf9 • B37 0.3 0.3 0.2 0.2 0.4 0.3 
B14A * B37 0.6 0.4 0.5 0.5 0.8 0.7 
New 
B73 * 875 0.1 0.1 0.1 0.1 0.1 0.1 
873 • 876 0.2 0.2 0.2 0.2 0.2 0.2 
873 * 877 0.5 0.5 0.5 0.5 0.9 0.7 
873 * 879 0.1 0.1 0.1 0.1 0.2 • 0.1 
873 • 884 0.5 0.4 0.4 0.5 0.7 0.6 
875 • 876 0.5 0.4 0.4 0.4 0.6 0.4 
875 * 877 0.7 0.6 0.6 0.6 1.1 1.0 
875 • 879 0.1 0.1 0.1 0.1 0.1 0.1 
875 * 884 0.7 0.6 0.6 0.6 1.5 1.3 
876 * 877 0.0 0.1 0.1 0.1 0.1 0.1 
876 * 879 0.6 0.5 0.5 0.5 0.9 0.6 
876 * 884 0.2 0.1 0.2 0.2 0.2 0.1 
877 • 879 1.5 1.5 1.4 1.6 2.3 1.6 
877 • 884 0.0 0.0 0.0 0.0 0.0 0.0 
879 * 884 1.0 0.9 0.9 0.9 1.6 1.3 
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Appendix 05. Kernel depth 
Modified 
Mahmud & Weber & Weber & Modified 
Cross Burton Kramer Hoorthy Hoorthy Warner Warner 
Old 
1289 * L317 0.4 0.3 0.3 0.3 0.6 0.5 
1289 * M14 0.5 0.4 0.4 0.5 0.8 0.6 
L289 • Wf9 10.0 8.7 8.7 9.4 15.8 12.5 
L289 • 814A 0.0 0.0 0.0 0.0 0.0 0.0 
1289 * B37 0.0 0.0 0.0 0.0 0.0 0.0 
L317 * M14 1.6 1.5 1.5 1.6 2.9 2.4 
L317 • Wf9 16.0 14.3 14.3 15.6 23.1 16.1 
L317 • B14A 0.3 0.2 0.2 0.2 0.3 0.3 
L317 * 837 0.3 0.3 0.3 0.3 0.4 0.3 
M14 • Uf9 4.9 4.4 4.4 4.8 7.4 5.6 
H14 • B14A 0.5 0.5 0.5 0.5 0.9 0.7 
H14 • 837 0.6 0.5 0.5 0.5 0.9 0.9 
Wf9 • 814A 18.2 17.9 17.8 19.8 27.6 13.3 
Wf9 • 837 14.2 11.3 11.4 0.0 18.9 16.2 
B14A • 837 0.0 0.0 0.0 0.0 0.0 0.0 
New 
873 • 875 0.8 0.7 0.7 0.8 1.4 1.0 
873 • 876 0.0 0.0 , 0.0 0.0 0.0 0.0 
873 * 877 2.7 2.1 2.1 2.3 5.7 5.3 
873 * 879 2.3 2.1 2.1 2.3 3.6 2.5 
873 • 884 0.8 0.6 0.0 0.7 1.3 1.2 
875 .* 876 0.6 0.5 0.5 0.6 1.0 0.8 
875 * 877 7.2 6.0 6.1 6.7 13.4 11.4 
875 • 879 6.6 6.4 6.4 7.1 10.6 6.4 
875 • 884 0.0 0.0 0.0 0.0 0.0 0.0 
876 • 877 2.9 2.7 2.7 3.0 5.3 4.0 
876 • 879 1.8 1.5 1.5 1.7 2.9 2.3 
876 * 884 0.8 0.6 0.6 0.7 1.3 1.2 
877 • 879 0.1 0.1 0.1 0.1 0.2 0.2 
877 * 884 6.6 6.0 6.0 6.6 12.7 10.3 
879 * 884 3.5 3.2 3.2 3.5 7.3 6.5 
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Appendix 06. Tassel-branch number 
Modified 
Mahmud & Weber & Weber & Modified 
Cross Burton Kramer Moorthy Moorthy Warner Warner 
Old 
L289 • L317 0.4 0.6 0.5 0.5 1.0 1.0 
L289 • M14 1.8 1.7 1.7 1.8 2.4 1.8 
1289 • Wf9 0.4 0.3 0.3 0.4 0.6 0.6 
1289 * B14A 1.1 1.2 1.2 1.2 1.8 1.6 
1289 * 837 2.4 2.5 2.5 2.6 3.5 2.7 
L317 • M14 0.9 1.1 1.0 1.0 1.2 1.1 
L317 • Wf9 0.2 0.4 0.3 0.3 0.5 0.5 
L317 • B14A 0.4 0.6 0.5 0.5 0.5 0.4 
L317 • 837 1.1 1.4 1.3 1.3 1.4 1.1 
H14 • Wf9 0.8 0.9 0.8 0.8 1.1 0.9 
H14 • B14A 0.1 0.1 0.1 0.1 0.0 0.0 
M14 • 837 0.0 0.0 0.0 0.0 0.0 0.0 
Wf9 • B14A 0.6 0.6 0.6 0.6 0.7 0.6 
Wf9 • B37 0.7 0.7 0.7 0.7 1.3 1.1 
B14A • 837 0.2 0.2 0.2 0.2 0.1 0.1 
New 
873 * 875 0.1 0.1 0.1 0.1 0.1 0.1 
873 • B76 0.0 0.0 0.0 0.0 0.0 0.0 
873 • 877 0.3 0.5 0.3 0.4 0.6 0.6 
873 • 879 1.3 1.7 1.6 1.5 2.3 1.9 
873 * 884 0.6 0.6 0.6 0.6 0.9 0.8 
875 » 876 0.1 0.1 0.1 0.1 0.1 0.1 
B7S • 877 0.7 0.8 0.8 0.8 1.0 0.8 
875 • 879 1.5 1.7 1.6 1.7 2.3 2.0 
875 * 884 1.2 1.4 1.3 1.4 1.9 1.8 
876 • 877 0.1 0.2 0.1 0.2 0.1 0.2 
876 * B79 0.5 0.6 0.6 0.6 0.8 0.7 
876 * 884 0.4 0.4 0.4 0.4 0.6 0.5 
877 • 879 0.4 0.6 0.6 0.5 0.4 0.6 
877 * 884 0.0 0.5 0.4 0.4 0.4 0.4 
879 • 884 0.4 0.1 0.1 0.1 0.0 0.0 
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Appendix 07. Plant height 
Modified 
Hahnud & Weber t Weber & Modified 
Cross Burton Kramer Hoarthy Moorthy Warner Warner 
Old 
L289 • L317 2.5 31.4 23.0 18.2 27.3 45.5 
L289 * M14 324.5 364.2 352.1 346.1 631,6 614.1 
1289 • Uf9 207.5 161.9 181.3 189.4 250.9 269.5 
L289 * BUA 7.0 5.0 5.7 6.0 75.6 75.0 
L289 • 837 0.8 5.4 3.7 2.7 0.0 1.7 
L317 • M14 293.5 234.5 257.7 269.0 138.4 116.7 
L317 • Uf9 167.8 141.7 151.1 156.5 129.7 126.9 
L317 • B14A 58.4 53.9 55.7 56.4 33.0 32.7 
L317 • 837 56.7 52.8 54.2 54.8 7.6 5.7 
M14 • Uf9 44.6 41.4 42.6 43.0 17.1 16.0 
M14 • B14A 98.6 74.2 83.2 87.7 49.9 45.4 
M14 • 837 110.0 108.3 109.0 109.5 161.8 149.9 
Uf9 • B14A 16.9 47.2 39.1 34.5 37.9 37.9 
Uf9 • 837 76.2 65.1 69.2 71.1 32.7 31.6 
B14A • 837 6.0 8.0 7.4 7.1 11.0 10.9 
New 
873 • 875 165.0 162.9 163.6 164.9 161.5 156.7 
873 * 876 148.5 142.1 144.4 146.1 147.0 143.4 
873 * 877 22.6 33.0 30.1 28.4 20.4 20.5 
873 • 879 78.9 84.2 82.3 82.3 61.5 57.0 
873 • 884 62.3 78.3 73.6 71.3 71.3 68.6 
875 * 876 14.4 14.0 14.1 14.2 20.4 20.4 
875 • 877 95.5 85.1 88.9 90.7 28.4 22.7 
875 • 879 46.6 36.2 40.4 42.4 43.7 44.5 
875 * 884 15.5 16.2 16.0 15.9 7.9 7.8 
876 • 877 16.6 29.0 25.3 23.1 24.8 23.4 
876 • 879 71.9 59.8 64.9 66.8 55.8 56.2 
876 • 884 2.7 5.6 4.8 4.4 1.0 1.0 
877 • 879 211.7 154.3 178.8 188.4 242.8 239.9 
877 • 884 74.7 71.2 72.5 73.1 63.3 62.7 
















L289 • L317 9.4 47.5 37.3 31.2 47.3 34.4 
1289 « MH 45.7 51.8 49.4 49.1 60.8 59.7 
1289 • Uf9 32.7 39.1 37.1 35.9 27.0 26.8 
L289 • BUA 32.8 29.6 30.6 31.2 10.0 10.1 
L289 * B37 14.6 17.8 16.8 16.3 17.1 17.6 
1317 • M14 96.0 101.5 99.2 99.6 93.9 84.5 
1317 * Uf9 87.3 92.7 90.8 90.8 106.2 102.0 
L317 • B14A 59.2 73.4 69.4 67.2 34.0 28.6 
L317 • B37 65.4 79.2 75.2 73.1 106.8 105.5 
M14 • Wf9 9.5 21.4 18.8 16.8 23.3 23.4 
H14 • B14A 15.6 16.8 16.3 16.3 8.5 8.2 
M14 • B37 27.9 30.4 29.4 29.2 39.8 39.3 
Wf9 • B14A 8.3 13.4 12.0 11.3 5.7 5.7 
Uf9 * 837 17.8 18.7 18.3 18.4 16.7 16.4 
B14A • 837 5.2 5.8 5.6 5.5 2.4 2.4 
New 
873 • 875 48.0 46.1 46.1 47.8 41.6 34.7 
873 • 876 75.0 68.6 71.1 72.1 71.3 69.4 
873 • 877 16.9 33.7 28.3 25.4 34.9 34.7 
873 • 879 17.3 11.0 12.4 13.9 34.0 32.8 
873 * 884 5.9 9.0 7.9 7.4 3.7 3.2 
875 • 876 36.8 34.4 35.3 35.7 49.8 50.0 
875 * 877 18.0 19.7 19.1 18.9 18.2 17.7 
875 • 879 31.2 32.9 32.4 32.2 37.7 38.0 
875 * 884 63.6 58.8 60.4 61.8 33.3 27.3 
G76 • 877 10.4 10.0 10.1 10.1 10.8 11.6 
876 * 879 0.0 0.0 0.0 0.0 0.0 0.0 
876 * 884 17.6 21.5 20.3 19.7 22.3 21.6 
877 • 879 10.5 9.1 9.6 9.9 10.1 10.2 
877 • 884 31.6 30.4 31.0 31.2 56,0 56.1 
879 * 884 20.9 13.0 15.8 17.3 29.4 29.2 
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APPENDIX E 
MINIMUM NUMBER OF GENES ESTIMATES FOR TRANSFORMED DATA 
Appendices El through E3 are listings of estimates of 
the minimum number of genes affecting a trait (n) and their 
standard errors (SE) for yield, plant height, and ear 
height, calculated from transformed data. 
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L289 • L317 1.5 6.0 0.2 0.7 0.7 2.9 1.0 4.2 
L289 • M14 239.7 75.9 -190.1 75.4 8.9 65.1 83.9 70.7 
L289 • Wf9 -55.2 39.6 -2.1 5.2 -17.6 18.8 -26.1 21.7 
L289 • B14A 22.7 13.2 31.9 12.1 29.0 11.9 27.8 12.6 
1289 • B37 354.1 105.1 308.4 95.9 324.2 96.8 332.2 105.7 
L317 • H14 53.8 41.2 17.0 33.9 30.0 34.2 36.2 36.8 
1317 • Wf9 5.9 5.5 3.9 4.2 4.6 4.4 5.0 4.8 
L317 • B14A -2295.5 2622.1 -1012.9 1832.1 -1427.6 1879.7 -1645.1 1961.1 
1317 • B37 151.7 74.6 44.7 63.6 83.9 64.1 102.4 69.7 
H14 • Uf9 -413.5 1226.7 -1639.0 1063.8 -1208.2 1024.8 -1001.2 1043.4 
H14 * B14A 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 
H14 • B37 20.9 12.6 30.9 11.7 27.8 11.5 26.1 12.1 
Wf9 • B14A -5.3 8.7 8.7 6.4 4.6 6.3 2.4 6.5 
Wf9 • B37 435.2 234.1 340.7 198.9 373.1 200.6 389.2 217.5 
B14A * B37 -4.0 7,8 17.5 6.5 11.8 6.1 8.4 6.1 
Hew 
B73 « B75 7.6 3.2 3.3 2.4 5.0 2.6 5.3 2.8 
B73 • B76 2.4 1.5 1.5 1.0 1.8 1.2 2.1 1.4 
B73 • B77 110.5 37.6 41.5 25.7 70.4 29.6 121.9 41.0 
B73 * B79 14.9 9.9 6.0 8.0 9.2 8.2 10.7 8.9 
B73 * 884 26.4 17.2 12.1 14.0 17.2 14.3 19.7 15.5 
B75 • B76 0.7 0.7 -0.8 0.7 -0.3 0.5 0.0 0.5 
B75 • B77 0.2 0.5 0.1 0.2 0.1 0.3 0.1 0.3 
B75 • 879 1.2 1.2 0.6 0.6 0.8 0.8 1.0 1.0 
875 • B84 54.5 26.5 31.3 22.5 39.6 22.8 43.4 24.8 
B76 « 877 4.0 8.1 6.1 6.7 41.7 19.1 41.6 19.3 
B76 « 879 11.0 5.0 6.9 3.8 8.4 4.2 9.3 4.7 
876 • B84 67.8 28.3 -0.8 23.6 26.0 23.8 37.8 26.2 
877 • B79 1.0 2.5 0.5 1.2 0.7 1.7 -0.1 0.4 
877 « B84 153.7 110.0 -3.6 91.9 53.6 92.1 80.5 99.2 
B79 • 884 55.0 19.7 37.6 17.3 43.8 17.6 44.7 19.1 
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Appendix El. continued 
Modified 
Cross Warner Warner 
n SE n SE 
Old 
L289 • L317 1.0 3.8 1.0 3.8 
L289 * M14 -119.3 125.5 -97.0 110.7 
L289 • Wf9 76.8 48.3 77.1 49.5 
L289 * B14A 38.8 19.7 40.0 15.8 
L289 • 837 307.3 161.6 309.0 114.2 
L317 • H14 -94.4 72.0 -85.3 63.6 
L317 * Wf9 -8.6 9.0 -8.5 8.2 
L317 • B14A -4321.3 3693.3 -4118.1 3575.0 
L317 • B37 6.6 120.4 8.5 98.2 
H14 • Wf9 -1066.2 1773.9 270.8 1811.2 
H14 • B14A 0.0 0.0 0.0 0.0 
H14 » 837 -40.5 23.6 -39.8 20.6 
Wf9 * B14A 11.5 11.3 12.3 10.5 
Wf9 • 837 717.6 346.5 734.0 269.3 
814A • 837 -3.7 10,9 -3.8 9.9 
New 
873 * 875 -11.2 6.0 -11.9 5.6 
873 • 876 1.5 1.2 1.8 1.2 
873 * 877 -96.8 59.1 -14.8 45.0 
873 • 879 -41.9 20.1 -41.3 18.3 
873 * 884 13.2 26.0 13.6 21.6 
875 * 876 -2.6 1.8 -2.6 1.8 
875 * 877 -0.4 0.8 -0.4 0.8 
875 * 879 0.8 0.9 0.9 0.9 
875 • 884 -3.2 42.7 -3.1 34.7 
876 • 877 33.4 17.6 39.1 17.1 
876 • 879 17.5 7.7 17.8 6.9 
876 * 884 -267.2 78.3 -267.2 73.8 
877 * 879 0.1 0.5 -1.8 4.2 
877 • 884 -138.7 190.6 -126.8 167.6 
879 * 884 55.5 29.9 51.6 21.8 
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Mahmud & Weber & Weber S Modified 
Kramer Hoorthy Hoorthy Warner Warner 
n SE n SE n SE n SE n SE 
Old 
L289 • L317 
L289 • H14 
L289 * Wf9 
L289 * B14A 
L289 • B37 
L317 • H14 
1317 • Wf9 
L317 • B14A 
L317 • 837 
H14 • Wf9 
N14 * B14A 
M14 • 837 
Uf9 • B14A 
Wf9 • 837 
B14A • 837 
New 
873 • 875 
873 • 876 
873 • 877 
873 • 879 
B73 * 884 
875 • 876 
875 * 877 
875 • 879 
875 • 884 
876 • 877 
876 • 879 
876 * 884 
877 • 879 
877 • 884 


























































































































































































Hahmud & Weber & Weber & Modified 
Kramer Hoorthy Hoorthy Warner Warner 
n SE n SE n SE n SE n SE 
Old 
L289 • L317 
L289 * H14 
L289 • Wf9 
1289 * BUA 
1289 * 837 . 
L317 * H14 
L317 • Wf9 
L317 • B14A 
L317 • B37 
M14 • Wf9 
H14 * B14A 
M14 * B37 
Wf9 • B14A 
Wf9 • 837 
B14A • B37 
New 
B73 • B76 
B73 • 876 
873 * 877 
873 * 879 
873 * 884 
875 • 876 
875 • 877 
875 • 879 
875 • 884 
876 * 877 
B76 * 879 
876 * 884 
877 • 879 
877 • 884 























































































































































































CONFIDENCE INTERVALS FOR MINIMUM NUMBER OF GENES ESTIMATES 
FOR TRANSFORMED DATA 
Appendices F1 through F3 are listings of estimated 
confidence Intervals (CIE) for the minimum number of genes 
affecting a trait for the traits evaluated for yield, plant 
height, and ear height calculated from transformed data. 
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Appendix FI. Yield 
Modified 
Hahmud £ Weber t Weber & Modified 
Cross Burton Kramer Moorthy Hoorthy Warner Warner 
Old 
L317 • 1289 11.9 1.4 5.8 8.3 7.6 7,6 
L317 • H14 150.3 149.3 128.9 140.1 248.7 219.2 
L317 • Wf9 78.4 30.2 37.2 43.0 95.7 98.1 
1317 • B14A 26.1 23.8 23.6 25.0 39.0 31.2 
L317 • 837 208.1 189.8 191.6 209.2 320.0 226.1 
L289 • H14 81.3 67.2 67.7 72.9 142.6 126.0 
L289 • Uf9 10.8 8.2 8.8 9.5 17.8 16.3 
L289 • B14A 5191.8 3627.6 3721.9 3883.0 7312.7 7078.4 
L289 • 837 147.7 125.9 127.0 138.0 238.4 194.5 
H14 • Wf9 2428.8 2106.2 2029.1 2065.9 3512.3 3586.2 
M14 • 814A 0.0 0.2 0.1 0.1 0.0 0.0 
M14 • 837 25.0 23.2 22.8 24.0 46.7 40.9 
Wf9 * B14A 17.2 12.7 12.4 12.9 22-3 20.8 
Wf9 • 837 463.6 393.8 397.2 430.6 686.2 533.3 
B14A * 837 15.4 12.8 12.0 12.1 21.5 19,7 
New 
873 • 875 6.4 4.8 5.2 5.6 12.1 11,1 
873 • 876 3.1 2.0 2.4 2.8 2.5 2.5 
873 • 877 74.4 51.0 58.7 81.1 117.2 89,1 
873 * 879 19.7 15.9 16,2 17.6 40.0 36.3 
873 * 884 34.0 27.6 28.2 30.6 51.7 42,7 
875 * 876 1.4 1.4 1.0 1.0 3.6 3.6 
875 • 877 0.9 0.3 0.5 0.6 1.6 1.6 
875 • 879 2.3 1.3 1.7 1.9 1.8 1.8 
875 • 884 52.5 44.5 45.1 49.1 84.7 68.6 
876 • 877 16.2 13.3 37.9 38.2 34.8 33.5 
876 • 879 9.9 7.5 8.2 9.0 15,3 13.7 
876 * 884 56.1 46.7 47.2 51.9 155.0 146,2 
877 • 879 4.9 2.3 3.3 0.8 1,0 8,4 
877 • 884 217.8 181.9 182.4 196.5 377,5 331,8 
879 • 884 39.1 34.3 34.8 37.9 59.3 43.2 
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Appendix F2. Plant height 
Modified 
Mahmud & Weber & Weber & Modified 
Cross Burton Kramer Hoorthy Hoorthy Warner Warner 
Old 
L289 • 1317 0.1 0.1 0.1 0.1 0.1 0.1 
L289 • HIA 0.0 0.0 0.0 0.0 0.0 0.0 
L289 • Wf9 0.5 0.5 0.5 0.5 0.8 0.5 
L289 • B14A 31.0 29.7 32.1 32.3 53.0 36.8 
L289 • B37 8.2 4.7 4.8 5.0 8-1 9.2 
L317 • H14 0.4 0.1 0,1 0.2 0.1 0.2 
L317 • Wf9 1.7 1.4 1.5 1.6 7.6 7.4 
L317 • B14A 33.3 32.0 32.2 35.5 50.1 30.1 
L3T7 • B37 10.1 9.8 9.8 10.8 17.5 12.7 
H14 • Wf9 1.5 1.4 1.4 1.5 4.1 3.9 
H14 * B14A 7.2 7.0 7.0 7.8 10.8 5.8 
H14 • 837 16.2 15.1 15.5 17.0 23.8 14.9 
Wf9 • B14A 0.0 0.0 0.0 0.0 0.0 0.0 
Wf9 * 837 0.0 0.0 0.0 0.0 0.0 0.0 
B14A * 837 2.5 2.4 2.4 2.6 3.6 2,5 
Hew 
873 * 875 0.0 0.0 0.0 0.0 0.0 0.0 
873 * 876 0.0 0.0 0.0 0.0 0.0 0.0 
873 • 877 0.8 1.1 0.8 0.8 2.5 2.5 
873 * 879 14.6 13.7 13.8 15.2 28.8 22.7 
873 • 884 6.0 5.7 5.6 6.1 11.9 9.7 
875 • 876 0.0 0.0 0.0 0.0 0.0 0.0 
875 * 877 0.5 0.6 0.5 0.5 0.8 0,5 
875 • 879 3.4 3.2 3.2 3.4 4.5 4.0 
875 • 884 0.3 0.4 0.3 0.3 0.4 0.4 
876 • 877 2.1 1.9 1.9 2.1 4.0 3.3 
876 • 879 4.9 4.3 4.5 4.8 5.5 3.9 
876 * 884 0.3 0.2 0.2 0.3 0.1 0.1 
877 • 879 13.9 13.3 13.5 14.9 28.2 22.1 
877 • 884 2.5 2.5 2.4 2.6 3.8 2.5 
879 * 884 1.9 1.7 1.7 1.8 3.5 3.0 
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Appendix F3. Ear height 
Modified 
Hahmud & Weber & Weber & Modified 
Cross Burton Kramer Moorthy Hoorthy Warner Warner 
Old 
1289 * L317 0.2 0.2 0.2 0.2 0.2 0,1 
1289 • M14 3.1 2.7 2.7 2.3 6.9 6,3 
L2B9 • Wf9 105.5 99.3 99.7 110.0 190.9 142,1 
L289 • BHA 0.0 0.0 0.0 0.0 0.0 0,0 
L289 • 837 31.2 26.0 28.1 30.6 39,3 28,0 
L317 • M14 4.1 1.8 1.9 1.9 3.1 3.8 
L317 • Wf9 52.0 43.6 48.8 53.6 86,2 60.4 
L317 • 814A 0.0 0.0 0.0 0.0 0,0 0.0 
L317 • 837 0.0 0.0 0.0 0.0 0.0 0.0 
M14 • Wf9 10.0 7.9 8.0 8.4 14.1 12.3 
H14 * B14A 11,8 10.7 10.8 11.8 26.8 23.5 
N14 * 837 12.0 11.0 11.0 12.1 18.8 13.1 
Wf9 * B14A 0.9 0.8 0.8 0.9 1.5 1.0 
Wf9 • 837 7.2 7.0 7.0 7.8 11,2 • •' •. 6.2 
B14A • 837 7.3 8.0 7.7 7.9 11,7 9,2 
New 
873 • 876 1,3 1.1 1,1 1.2 2.0 1.5 
873 • 876 5,0 4.9 4,9 5.5 9.0 6.1 
873 • 877 4,3 3.7 3,7 4.2 6.8 5.2 
873 * 879 0,0 0.0 0,0 0.0 0.0 0.0 
873 * 884 0.6 0.4 0.4 0.4 0.9 0.8 
875 • 876 38,5 32,8 32,8 38.8 45.4 31.7 
875 • 877 0.6 0.6 0,6 0.6 1.1 0.9 
875 * 879 1.1 1.1 1,1 1.1 1.6 1.2 
875 • 884 0,6 0.5 0,5 0.6 0.9 0.6 
876 • 877 0.3 0,2 0,2 0.3 0.2 0.2 
876 • 879 0.0 0.0 0.0 0.0 0.0 0.0 
876 * 884 16,7 14.8 14.7 16.7 22.9 16.1 
877 * 879 3,7 2,3 2.3 3.1 1.8 1.3 
877 • 884 0,9 0,8 0.8 0.9 1.2 1.0 
879 • 884 0.0 0,0 0.0 0.0 0.0 0.0 
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APPENDIX G 
PERCENTAGE OF TOTAL VARIATILITY DUE TO ENVIRONMENTAL 
VARIANCE 
Appendices G1 through G8 are listings of the percentage 
of total variability due to environmental variance for the 




Hshmud & Weber & Weber & 
Cross Burton Kramer Hoorthy Moorthy 
Old 
1289 • 1317 110.8 37.0 53.4 64.2 
L289 * M14 127.1 40.8 59.5 72.1 
1289 • Uf9 116.8 33.6 50.8 62.6 
L289 • 814* 91.1 40.1 52.6 60.3 
1289 • B37 95.4 33.2 47.2 56.2 
1317 • H14 161.4 45.6 69.5 85.7 
L317 * Wf9 111.8 34.9 51.5 62.6 
L317 • B14A 98.2 24.6 39.0 49.2 
L317 • B37 90.8 29.0 42.5 51.3 
M14 • Wf9 111.1 37.1 53.4 64.2 
M14 • B14A 79.6 27.5 39.4 46.8 
H14 • 837 102.6 40.6 55.5 64.5 
Wf9 • 814* 75.9 30.6 41.5 48.2 
Wf9 • B37 137.3 48.8 68.9 67.2 
814* • 837 53.6 32.4 38.2 41.6 
New 
873 • 875 64.7 36.2 44.0 48.5 
873 • 876 68.3 44.5 51.2 55.2 
873 * 877 86.4 34.7 47.1 54.9 
873 * 879 63.6 35.4 43.0 47.3 
873 * B84 107.8 53.9 67.8 76.0 
875 • 876 103.5 50.7 64.2 72.5 
875 * 877 97.7 43.0 56.6 64.7 
875 » 879 47.1 42.5 52.9 59.2 
875 • 884 108.7 43.1 58.9 68.6 
876 * 877 103.8 37.3 52.6 62.1 
876 * 879 63.3 40.0 46.6 50.4 
876 * 884 97.5 42.0 55.5 64.0 
877 • 879 83.8 28.5 40.9 48.9 
877 • 884 100.6 35.3 49.9 59.6 
879 • 884 81.9 55.2 63.0 67.0 
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02. Kernel-row nimber 
Modified 
Hahmud & Weber S Weber & 
Cross Burton Kramer Hoorthy Hoorthy 
Old 
1289 • L317 86.4 91.4 89.5 88.6 
L289 • M14 63.3 70.7 68.0 67.0 
L289 • Wf9 58.1 57.0 57.4 57.4 
L289 • B14A 58.3 79.6 71.7 68.3 
1289 » B37 48.3 81.7 68.6 62.8 
1317 » H14 55.6 67.8 63.3 61.3 
L317 • Wf9 58.5 66.6 63.8 62.5 
L317 • B14A 73.3 91.7 85.0 82.0 
1317 * B37 43.8 71.0 60.4 55.8 
M14 • Wf9 80.3 60.8 66.7 69.8 
M14 • B14A 80.6 92.9 88.7 86.5 
H14 * B37 73.0 96.8 87.8 84.1 
Wf9 • B14A 64.7 98.2 85.6 79.7 
Uf9 • 837 56.1 62.9 60.5 59.4 
B14A * 837 47.5 80.5 67.5 61.8 
New 
B73 * 875 56.8 64.9 37.8 60.5 
873 • 876 61.1 57.8 58.9 59.4 
873 * 877 54.7 43.4 46.8 48.7 
873 • 879 75.0 67.0 58.8 71.0 
873 • 884 72.0 83.2 79.2 77.2 
875 • 876 81.5 77.0 78.5 79.3 
875 • 877 50.0 54.8 53.1 51.0 
875 * 879 62.5 67.0 65.5 64.8 
875 • 884 80.0 83.2 82.0 81.6 
876 • 877 86.2 68.6 74.1 76.9 
B76 • 879 78.1 72.5 74.4 75.3 
876 * 834 64.5 58.1 60.0 61.3 
877 * 879 68.9 57.1 60.9 62.7 
877 • 884 50.0 62.2 57.8 55.6 
879 • 884 80.0 77.3 78.3 78.7 
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G3. Ear diameter 
Modified 
Hahmud S Weber & Weber & 
Cross Burton Kramer Moorthy Moorthy 
Old 
L289 • L3ir 86.7 
L289 • M14 50.0 
1289 * Wf9 52.9 
L289 * B14A 50.0 
L289 * 837 33.3 
L317 • M14 58.3 
L317 • Uf9 42.9 
L317 • B14A 107.7 
1317 • 837 36.8 
M14 • Wf9 60.0 
M14 • B14A 69.2 
M14 • 037 80.0 
Wf9 • B14A 2.9 
Wf9 • B37 94.7 
B14A • 037 22.7 
New 
873 • B75 45.5 
873 * 876 50.0 
873 • 877 80.0 
873 • B79 41.7 
873 * 884 100.0 
875 • 876 62.5 
875 * 877 83.3 
875 • 879 31.3 
875 • 884 60.0 
876 * 877 50.0 
876 • 879 70.0 
876 • 884 71.4 
877 * 879 54.5 
877 * 884 63.6 
879 • 884 71.4 
54.0 63.3 68.7 
77.0 67.0 62.0 
20.6 28.2 32.9 
122.5 91.3 78.8 
104.2 70.8 59.2 
87.5 76.7 71.7 
22.4 27.6 31.0 
102.3 103.8 104.6 
88.9 66.3 57.4 
30.0 38.0 42.7 
96.9 86.9 81.5 
161.0 128.0 113.0 
16.8 9.4 7.1 
37.9 51.6 60.0 
92.7 58.2 45.9 
81.8 60.9 60.9 
98.8 70.0 70.0 
73.0 76.0 76.0 
25.0 32.5 32.5 
121.7 110.0 110.0 
98.8 78.8 78,8 
60,8 70.8 70.8 
18.7 24.4 24.4 
73.0 66.0 66.0 
54.2 51.7 51.7 
26.0 43.0 43.0 
92.9 81.4 81.4 
21.8 34.5 34.5 
54.5 59.1 59.1 
34.3 50.0 50.0 
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1289 * L317 89.0 49.1 59.9 66.1 
L2B9 • M14 53.0 63.9 60.0 58,2 
L289 • Wf9 62.9 46.8 51,4 53,8 
L289 • B14A 70.4 59.2 62.8 64,6 
1289 • 837 101.3 44.9 58.8 67,4 
L317 • MH 78.7 82.8 80.9 80,7 
L317 • Wf9 61.5 59.1 59.9 60,3 
L317 • BUA 82.7 66.9 71.9 74,5 
1317 « 837 60.7 53.1 55.5 56,7 
M14 * Uf9 77.3 69.0 71.6 73,0 
H14 * B14A 47.1 54.6 52.0 50.7 
M14 • 837 77.5 77.9 77.8 77.5 
Wf9 * B14A 46.8 53.8 51.3 50.1 
Uf9 • B37 101.6 61.9 73.0 79.4 
B14A * 837 41.8 63.3 55.1 51.5 
New 
873 • 875 52.1 51.5 51.7 51.7 
873 • 876 60.5 65.6 63.7 63.0 
873 * 877 67.3 56.3 59.8 61.5 
873 • 879 59.5 54.5 56.2 56.9 
873 * 884 79.2 54.8 61.9 65.8 
875 • 876 45.6 58.2 53.7 51.6 
B75 * 877 57.8 76.7 69.8 66.4 
875 * 879 69.0 64.0 65.3 66.4 
875 • 884 77.1 64.4 68.3 70.4 
876 * 877 100.0 85.9 90.4 92.6 
876 • 879 72.3 65.5 67.7 68,9 
876 * 884 49.2 54.5 52.6 51,8 
877 • 879 51.4 44.4 46.7 47,8 
877 • 884 75.0 61.3 65,7 67.8 
879 » 884 54.3 62.4 59.6 58.5 
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L289 • L317 84.1 56.8 63.6 97.7 
1289 • M14 51.5 72.7 63.6 60.6 
L289 * Wf9 66.7 64.6 64.6 64.6 
L289 * SUA 61.5 100.0 84.6 76.9 
L289 « 837 136.1 97.2 108.3 113.9 
1317 • M14 62.2 94.6 81.1 75.8 
L317 * Wf9 60.0 80.0 72.7 69.1 
L317 * B14A 133.3 115.2 121.2 124.2 
L317 * 837 39.6 96.2 71.7 62.3 
M14 • Uf9 62.2 97.8 84.4 77.8 
M14 • 814A 54.3 108.6 85.7 77.1 
H14 • 837 103.7 185.2 151.9 137.0 
Uf9 • 814A 25.5 46.1 38.2 34.3 
Uf9 • 837 91.2 110.5 36.8 100.0 
814A • 837 31.6 94.7 64.9 54.4 
Hew 
873 • 875 31.0 61.9 50.0 42.9 
873 • 876 59.3 92.6 81.5 74.1 
873 • 877 89.7 79.3 82.8 82.8 
873 » 879 46.8 63.8 57.4 55.3 
873 * 884 91.3 104.3 100.0 95.7 
875 • 876 55.2 79.3 69.0 65.5 
875 • 877 71.1 55.3 60.5 63.2 
875 • 879 33.3 51.9 44.4 40.7 
B75 • B84 44.4 61.1 55.6 52.8 
876 * 877 50.0 55.3 52.6 52.6 
876 • 879 69.7 81.8 78.8 75.8 
876 * 884 87.5 87.5 87.5 87.5 
877 * 879 40.5 59.5 52.4 50.0 
877 • 884 54.5 57.6 57.6 54.5 
879 • 884 63.6 113.6 95.5 86.4 
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G6. Tassel-branch number 
Modified 
Mahmud & Weber & Weber S 
Cross Burton Kramer Moorthy Moorthy 
Old 
1289 • 1317 79.0 59.6 65.4 68.6 
L289 • K14 43.9 48.9 47.2 46.4 
1289 • Mf9 59.2 66.2 63.8 62.6 
L289 • B14A 63.7 44.4 50.1 53.2 
L289 * 837 49.3 36.8 40.6 42.6 
L317 • M14 60.9 44.2 49.2 51.9 
L317 • Wf9 61.2 38.3 44.8 48.4 
L317 * B14A 82.2 41.5 52.1 58.4 
L317 • 837 57.6 39.0 44.4 47.3 
MT4 * Wf9 78.4 53.6 60.9 64.9 
H14 • B14A 72.4 53.8 59.3 62.4 
M14 • 837 79.2 65.1 69.4 71.9 
Wf9 • 814A 52.1 50.3 51.0 51.2 
Uf9 * B37 80.0 65.4 69.9 72.4 
814A • 837 36.1 41.4 39.6 38.6 
New 
873 • 875 62.5 23.0 36.3 38.0 
873 * 876 41.7 27.8 48.1 34.0 
873 * B77 59.6 22.4 58.3 36.5 
873 * 879 59.9 20.7 29.5 35.2 
873 • 884 81.8 48.3 57.5 62.9 
875 * 876 67.7 28.1 37.7 43.5 
875 * 877 53.0 13.4 21.2 26.6 
875 • 879 51.2 15.9 23.5 28.6 
875 • 884 58.7 21.6 30.1 35.6 
876 • 877 61.3 39.2 45.5 35.2 
876 * 879 76.6 38.8 48.7 54.5 
876 * 884 70.5 58.0 62.0 63.9 
877 • 879 53.1 26.7 33.6 37.7 
877 * 884 58.9 42.2 47.2 49.9 
879 • 884 64.6 43.9 49.9 53.2 
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G7. Plant Height 
Modified 
Nahmud & Weber & Weber & 
Cross Burton Kramer Hoorthy Hoorthy 
Old 
L289 * 1317 100.7 52.6 65.3 72.6 
L289 • M14 37.5 29.5 31.9 33.3 
L289 • Wf9 15.2 34.0 26.0 22.7 
L289 * B14A 72.4 80.3 77.6 76.3 
L2B9 • B37 104.2 67.5 77.7 83.7 
L317 • M14 21.1 37.6 31.1 28.3 
1317 • Wf9 26.5 38.1 33.9 31.6 
L317 • B14A 34.1 39.2 37.3 36.5 
L317 • 837 28.0 33.0 31.2 30.5 
M14 • Wf9 50.4 54.0 52.7 52.2 
M14 • B14A 33.0 50.0 43.7 40.8 
M14 • B37 38.5 39.3 38.9 38.9 
Wf9 • B14A 79.9 41.4 51.6 57.4 
Wf9 • 837 23.2 34.5 30.3 28.5 
814A * 837 49.0 31.8 36.7 39.6 
New 
873 • 875 21.2 22.2 21.8 21.5 
873 • 876 18.2 21.8 20.5 19.8 
873 • 877 54.5 33.3 39.2 42.7 
B73 • 879 58.7 54.7 55.9 56.4 
873 • 884 46.4 31.4 35.7 38.2 
875 * 876 15.9 18.5 17.4 17.2 
875 * 877 29.8 37.6 34.7 33.5 
875 • 879 17.6 35.9 28.5 25.1 
B75 * B84 30.7 27.2 28.4 28.8 
876 • 877 79.3 60.0 65.5 69.0 
876 • 879 14.4 28.8 22.8 20.5 
876 • 884 67.3 33.2 42.2 47.2 
B77 • B79 19.6 41.8 32.4 28.8 
877 • 884 31.2 34.4 33.3 32.8 
879 * 884 30.7 45.6 40.0 37.2 
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G8. Ear Height 
Modified 
Mahnwd & Weber & Weber & 
Cross Burton Kramer Hoorthy Hoorthy 
Old 
L289 • L317 91.8 41.4 54.1 61.8 
L289 • M14 54.1 47.2 49.7 50.3 
L289 • Wf9 55.0 45.6 48.5 50.3 
L289 • B1AA 32.8 39.4 37.2 36.1 
1289 • 837 45.6 45.6 48.5 50.3 
1317 « H14 37.4 33.0 34.6 35.2 
L317 • Wf9 35.2 30.7 32.2 32.7 
L317 • 814A 43.1 28.2 32.3 34.9 
L317 • B37 39.8 26.4 30.3 32.5 
M14 • Wf9 67.5 25.8 36.1 41.8 
M14 • 814A 44.7 40.4 42.1 42.1 
H14 • 837 40.6 35.0 37.1 37.8 
Wf9 • B14A 54.9 26.9 34.3 38.3 
Uf9 • 837 36.3 33.1 34.4 34.4 
B14A • 837 41.9 34.6 36.8 38.2 
New 
873 • 875 57.7 58.6 58.6 57.7 
873 • 876 33.5 39.3 37.0 36.4 
873 • 877 82.4 55.7 63.4 67.9 
873 • 879 80.4 90.7 87.6 85.6 
873 • 884 82.4 71.3 75.0 76.9 
875 * 876 17.2 22.7 20.7 19.7 
875 * 877 49.1 43.9 45.6 46.5 
875 • 879 35.4 31.7 32.8 33.3 
875 * 884 27.5 33.1 31.2 29.9 
876 • 877 24.6 29.1 27.4 26.8 
876 • 879 39.2 40.5 39.9 39.9 
876 * 884 55.4 44.6 47.9 49.6 
877 • 879 30.6 39.4 36.5 34.7 
877 • 864 29.3 32.0 30.9 30.4 
879 • 884 45.7 66.7 59.0 55.2 
